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ABSTRACT
Sail erosion was studied after four regeneration cutting methods —  
clearcut, seed-tree, shelterwood, and selection —  were applied to 
mature loblolly pine (Finus taeda L.) stands on Idlewild Experiment 
Station and Lee Memorial Forest, both in southeastern Louisiana. The 
major soils on Idlewild Experiment Station are Providence and Lexington 
silt loam and Ruston fine sandy loam, while the Ruston series is predom­
inant on Lee Memorial Forest with minor areas of Johnston mucky loam.
Plots of 8-ha In size were used for the treatments. Each treatment
was replicated twice at each location. Soil erosion on slopes was
measured from permanent stakes located at three slope positions —  top, 
middle, bottom —  on each of six slopes within each 8-ha plot. Soil 
erosion off the slopes was measured by use of a small trap built across 
an individual drainage on each plot.
Analysis of variance of erosion data on the slopes revealed that
significant differences among treatments occurred during only three out 
of the 16 data periods at Idlewild —  D8 (May 20), D9 (June 3), and D16 
(September 9). The clearcut and selection treatments were significantly 
different from the other treatments during D8. The clearcut treatment 
had an average increase of 0.22 cm in soil elevation and the selection 
treatment had a decrease of 0.23 cm, compared to +0.03 cm for the seed- 
tree and shelterwood treatments. During D9, the selection treatment was 
significantly different from the other treatments with an average 
increase of 0.13 cm compared to +0.05 cm for the seed-tree, +0.01 cm for
x
the shelterwood, and -0.03 cm for the clearcut treatments. The seed- 
tree treatment was significantly different from the other treatments 
during D16 with an average decrease of 0.35 cm versus -0.10 cm for the 
shelterwood, -0.03 cm for the clearcut, and +0.01 cm for the selection.
Although some soil movement occurred on slopes within plots, very 
little actually left the plots. Measurable amounts of sediment were 
collected in only two soil traps, both located on clearcut plots. 
Sediment collected from a clearcut plot on Idlewild Experiment Station 
was caused by erosion from the logging road and loading deck. On one of 
the clearcut plots on Lee Forest, erosion after logging and site prepa­
ration caused some sediment loss.
The harvesting treatments resulted in a significant increase in the
-J*
K content at the 15-30 cm depth at both locations. Exchangeable cal­
cium was significantly reduced at the 0-15 cm and 15-30 cm depths on 
both locations, but the reduction was more pronounced on Idlewild 
Experiment Station.
Vegetation sampling indicated that the heavier the cutting, the 
greater the effect on the type and percent cover of vegetation present.
A greater number of new species appeared on the clearcut and seed-tree 
plots with fewer new species found on the shelterwood and the least 
number on the selection plots. The harvesting treatments also resulted 
in some plant species disappearing from the study areas. Such species 
as Green-Adders-mouth orchid (Malaxis unifolia Michx.), American holly 
(Ilex opaca Ait.), Vicca spp., Florida anise-tree (Illicium floridanum 
Ellis), and rattan vine (Berchemia scandens (Hill) K. Koch.) were not 
recorded after harvesting. However, several new species, such as Yankee 
weed (Eupatorium capillifolium (Lam.) Small) and wild lettuce (Lactuca
scariola L.), became established after the harvest cuttings.
With proper planning and application, any of the four regeneration 
systems studied can be used in southeastern Louisiana with minimal 
effects on soil erosion or soil chemistry. Vegetative composition and 
cover will be altered by regeneration treatments; the heavier the 
cutting, the greater the effect.
xii
INTRODUCTION
With the demand for timber in the United States to greatly increase 
by the year 2000, the South will be called on to supply a greater pro­
portion of this increased need (U.S. Forest Service 1973). If the South 
must produce half of the Nation's total roundwood production by 2000, it 
must produce some two-thirds more roundwood than it did in 1970 but with 
an estimated 4 million hectares less forest (Southern Forest Resource 
Analysis Committee 1969). Louisiana's commercial forest alone shrank by 
600,000 hectares between 1964 and 1974 (Forest Industries Council 1979). 
This means that forest management and timber utilization will have to be 
maximized on remaining acreage. All other values in this section, un­
less stated otherwise, were taken from the Forest Industries Council 
Report of 1979.
Six million hectares of Louisiana's 11.6 million hectares are 
classified as commercial forest lands. Ninety-three percent of this 
acreage is in private ownership as follows: 38 percent, individuals;
28 percent, forest industry; 19 percent, non-forest industry corpora­
tions; and 15 percent, farmers. Much of the acreage owned by small 
private landowners is contained in tracts of 2023 hectares or less. It 
is on these small tracts that management for increased timber production 
must be focused if the South is expected to meet the increased timber 
demand by the year 2000.
The majority of this acreage is producing far below its potential
1
2due to poor management. However, progress has been made. The softwood
3
growing stock volume increased 31 percent from 6.2 billion ft in 1964 
3
to 9.0 billion ft in 1974, while hardwood growing stock decreased by 7
3 3percent from 8.2 billion ft to 7.7 billion ft . The commercial forest
3
of Louisiana produce a net annual growth of about 929 billion ft , with 
67 percent on private nonindustrial lands and 27 percent on industry
lands. On a per-acre basis, forest industry lands are growing only
3 345 ft /acre/year. The estimated potential is 87 ft /acre/year on forest
3
industry lands but only 72 ft /acre/year on other private lands. Due to 
the current economic situation and practicality, it is very unlikely 
this capacity will be reached.
3
The South could be producing nearly 13 billion ft of wood if a 50 
percent increase in growth could be attained. This is the estimated 
amount of timber that the South must produce to meet its share of the 
Nation's requirements in the year 2000. Currently, the forest industry 
is cutting seven percent more pine volume than it is growing, or 107 
percent of the net annual growing stock. On private nonindustrial 
lands, pine removal totals 57 percent of the net annual growing stock.
If one takes into account only the growing stock sawtimber, the forest 
industry is removing 122 percent of net annual growth, and private non­
industrial owners are removing 62 percent.
Since the majority of forest land holdings are privately owned 
small tracts, the economics and tract size could be problems in the 
future when considering harvesting. As for tract size, in Louisiana 
alone there are 93,732 private landowners each owning less than 32 
hectares of forest land and 18,530 with ownership varying from 32 to 202 
hectares (Gunter 1975). Many of these small timber tracts are farm
3lands abandoned in the early 1900’s. The tracts naturally seeded back 
into pine timber. These stands have received very little, if any, 
management in the past. Since they seeded in naturally, the trees are 
not uniformly spaced, which does not lend itself to mechanized harvest­
ing. Due to the lack of prior management, the stands are poorly stocked 
and producing far below their capacity.
Under the present economic situation, these landowners want the 
most returns from their forest acreage. After the timber is cut, these 
landowners cannot afford the cost of having the land prepared and 
planted but instead rely on some means of natural regeneration, usually 
with very poor results. To help alleviate the cost of such practices 
as tree planting and timber stand improvement, the Forest Incentives 
Program (FIP) was authorized by Congress in 1973 (U.S.D.A. 1978). The 
Federal share of these costs ranges from 50 to 70 percent. To qualify 
for assistance, a landowner must meet four qualifications: own a tract
of no more than 500 acres of eligible forest land, be a private land­
owner, have land suitable for forestation, and have land that is capable 
of producing marketable timber crops and meets minimum productivity 
standards. For the fiscal year 1980, Louisiana received $585,000 for 
42 parishes that are designated to participate in the program 
(Brooks 1980).
If the increase in growth is to be realized, management practices 
must be geared towards the small landowners. According to the Forest 
Industries Council, there are four major categories of treatment recom­
mended: stand regeneration, stand improvement, conversion, and regener­
ation after harvesting.
The forest industry and the U.S.D.A. Forest Service are working
4very efficiently in making sure their lands continue to yield sufficient 
fiber. The forest industry planted, seeded, or regenerated naturally 
125 percent as many acres as it harvested, while the National Forest 
System averaged 178 percent. The figure is only 15 percent for private 
nonindustrial lands. This could be costly in the future, since these 
private nonindustrial lands provide 54 percent of the total volume 
harvested.
Currently, the U.S.D.A. Forest Service and forest industry are 
treating more acres than they are harvesting. In stand improvement 
alone, the U.S.D.A. Forest Service is treating 83 percent as many acres 
as are being harvested, forest industry is treating 75 percent as many 
acres, and private nonindustrial owners are treating about 5 percent.
If burning is included, the private nonindustrial landowners are treat­
ing only 39 percent as many acres as are being harvested.
Sixty percent of the land in private nonindustrial ownership could 
be improved with silvicultural treatments. Values for other ownerships 
range from 32 percent for the forest industry, 6 percent in the National 
Forests, and 2 percent in other public agency control. The Forest In­
dustries Council concluded that the greatest opportunity in terms of 
acreage for improvement is by regeneration after harvesting, about 50 
percent of the total.
Although considerable money and effort is being directed at in­
creasing timber production, another problem that must be dealt with is 
the Federal Water Pollution Control Act of 1972 (P.L. 92-500). Accord­
ing to this law, all sources of non-point pollution must be brought 
under control. Forestry operations fall under the jurisdiction of Sec­
tion 208 of this law and apply to small landowners as well as to large
5industrial ownerships.
It is during harvesting and site preparation that the forest in­
dustry has problems complying with the law. If the small landowner is 
faced with the financial problem of controlling non-point sources of 
pollution from his land, his margin of profit may be substantially re­
duced to the point where many may choose to get out of the timber grow­
ing business. The forest industry can usually afford to provide 
measures to control those non-point sources of pollution from their 
land.
Little work has been carried out in the South on non-point sources 
of pollution from forest land. Insufficient data are available to 
provide some idea of how much soil erosion can be expected following 
different types of forestry operations. Soil erosion occurs even on 
undisturbed forest land. Patric (1976) estimated natural soil erosion 
to range from 0.05 to 0.1 ton/acre/year. However, a normal forestry 
operation, such as building a logging road, can increase erosion by 220 
times (Megahan 1972). Until baseline data can be generated on this 
problem, standard guidelines should be withheld. Presently, the indus­
try is using management and harvesting plans based mainly on estimated 
values.
The main objective of this study was to quantify soil erosion 
following harvesting operations using four different regeneration cut­
ting systems: selection, seed-tree, shelterwood, and clearcut and
plant. On-site and off-site erosion were measured. The second objec­
tive of the study was to examine major vegetative changes that occur 
as a result of harvesting operations.
Scientific names of the plant taxa were taken from the works of 
Brown (1972), Correll and Johnston (1970), and Radford et al. (1968).
REVIEW OF LITERATURE
’’Soil erosion" is a phrase that seldom appeared in the forester's 
vocabulary in the past. Foresters felt confident that normal forestry 
practices caused little if any erosion problems, much less the degrading 
of water quality. The degrading of water quality could always be blamed 
on the other business interests downstream: agriculture, mining, and
construction. However, foresters knew that logging roads, skid trails, 
and loading decks caused increased erosion. Foresters were confronted 
with the problem when the Federal'Water Pollution Control Act of 1972 
was passed. According to the law, the forest industry must control all 
non-point sources of pollution resulting from forestry practices.
Soil erosion on forest land is not always the fault of man's ac­
tivities. Even a fully stocked, undisturbed forest undergoes some 
erosion. This naturally occurring erosion is defined as the geologic 
norm (Patric 1976). A standard rate of 0.05 to 0.10 ton/acre/year can 
be expected from undisturbed forest land, which is less than the max­
imum tolerable loss from agricultural land of 1 to 5 tons/acre/year 
(Patric 1976, Kendall 1978). The maximum tolerable loss is defined as 
the level at which soil is still capable of producing food and fiber 
crops on a sustained basis (Kendall 1978).
Most forestry practices do not cause accelerated soil erosion and 
destruction of water quality. It is during the harvesting operations 
that the forest industry gets into trouble. The building of loading
7
8decks, logging roads, and skid trails to facilitate harvesting lead to 
accelerated erosion. Megahan (1972) found that surface erosion can 
increase up to 220 times on logging road surfaces. However, such rates 
can be reduced considerably if proper planning is given to* the location 
of roads, decks, and trails.
Logging methods govern the amount, if any, of accelerated erosion 
and sedimentation that may occur (Megahan 1972). In the Southeast, the 
poorest logging practices may result in no increased erosion, while 
elsewhere even the best of methods will lead to increased erosion and 
deposition.
Federal Water Pollution Control Act 
(P.L. 92 - 500)
The Federal Water Pollution Control Act (P.L. 92-500) was passed by 
Congress in 1972, with hope that the Nation's waters could be fishable 
and swimmable by 1983 (Forest Farmers Assoc. 1977, National Wildlife 
Federation 1978). The goal of this law is to maintain the physical, 
chemical, and biological integrity of the Nation's waters. The main 
emphasis of the law is the control of pollution from point sources of 
pollution (industrial plants) as well as non-point sources (forestry and 
agriculture) (Grefrath 1974).
Under the guidelines of the Federal Water Pollution Control Act, 
point sources of pollution are defined as well as their control. How­
ever, for non-point sources of pollution, it is left to the Environ­
mental Protection Agency to define these sources, as well as their 
control. Point sources of pollution are those sources entering a stream 
or body of water at a specific point through a discrete conveyance, such
9as a sewer pipe, culvert, tunnel, or other channel or conduit, readily 
traceable to an identifiable source and primarily under man's control, 
and not the result of precipitation and runoff (Brown et al. 1976, 
Haeussler 1978, National Wildlife Federation 1978). Easily identified 
water sources are those sources coming from factories and municipal 
sewage systems. Non-point pollution is defined as that originating from 
diffuse sources and carried to streams and lakes by rainfall and snow- 
raelt (Dornbusch and Herndon 1978). Pollutants that are washed off, 
carried in runoff, or seep from broad areas of land fall under this cat­
egory. The most common non-point sources of pollution are sediments
eroded from soil exposed during construction projects, and pesticides
and fertilizers washed off cropland by rainwater (National Wildlife 
Federation 1978).
The Environmental Protection Agency has three responsibilities to 
follow in dealing with the control of non-point sources of pollution:
(l) a national planning and coordination of state programs, (2) gather­
ing of information on the control of non-point sources, and (3) funding 
for state and local programs (Winger 1977).
The law requires that water quality standards be set and updated 
every three years. The problem with setting standards for non-point
sources is that there is a lack of knowledge as to what constitutes
pollution levels. The problem is further complicated by naturally 
occurring stream bed and bank erosion. Until these levels for naturally 
occurring erosion in the forest can be determined, many states have yet 
to set guidelines and programs for controlling non-point sources of 
pollution.
Before the Federal Water Pollution Control Act is applied'to the
10
forest industry and its operations, the question of when do normal for­
est operations pollute water must be answered first. If forest opera­
tions cause pollution, this pollution should first be identified and 
assessed before any solutions are proposed (Forest Farmers Assoc. 1977).
Two major forest operations that are potential sources of non-point 
pollution are harvesting and road building. It is often hard to deter­
mine from which source the pollution is originating. In some situa­
tions , it cannot be determined whether it is naturally occurring or 
man-induced. Monitoring all potential sources of non-point pollution 
would be impractical. It would take too much manpower, scattered over a 
tremendous area, to monitor the situation. If monitoring could be 
accomplished, it must be assumed that normal levels of pollution, for 
each stream in question, can be established (Brown et al. 1976).
Correction of pollution resulting from harvesting and road building 
is not easily accomplished. Therefore, attention should be directed 
toward the control of silvicultural practices that result in discharge 
of non-point pollution. Where the potential exists for degradation of 
water quality, an on-the-ground, site-specific prescription for silvi­
cultural practices should be made. The forest industry must be given 
the latitude to match the necessary practices to situations encountered 
in the field. Therefore, the industry must prepare specific plans to 
meet both silvicultural and water quality goals (Brown et al. 1976).
The Federal Water Pollution Control Act is such a large piece of 
legislation that modifications were needed when the implementation pro­
cess began. Following public hearings and congressional activity, the 
Clean Water Act amendments were signed into law (P.L. 95-217) in 1977 
(Haeussler 1978). Amendments to the Federal Water Pollution Control Act
11
called for developing and implementing the beat available technology by 
1983 for controlling non-point sources of pollution (Ursic 1976, Douglas 
1975). Under P.L. 92-500, as amended by P.L. 95-217, there are three 
sections of primary interest to the forest industry: Section 208, Sec­
tion 404, and Section 402.
Section 208. —  Section 208 will have the greatest impact on for­
estry related activities. The goal of Section 208 is to protect the 
Nation's waters from non-point sources of pollution. Procedures must be 
defined to control pollution of water quality from sediment, nutrients, 
organic pesticides, and temperature variations. Developing such pro­
cedures will include land-use requirements (Haeussler 1978). Erosion 
from timber harvesting and other forestry practices is placed under this 
section (McKnight 1977). Forestry activities in the South have been con­
sidered to be extremely minimal in contributing to water pollution. The 
problem may vary from state to state, and within a state (Forest Farmers 
Assoc. 1977).
Under Section 208, it is left up to the states to develop a 
decision-making policy for water quality management on a continuing 
basis (Winger 1977). Standards that are determined by this policy are 
to be reviewed every three years and updated if needed.
The Environmental Protection Agency recommended that Best Manage­
ment Practices (BMP's) be a part of the state's 208 water quality plan. 
"Best Management Practices" is defined as the practice, or combination 
of practices, found to be effective and practical for reducing the 
amount of pollutants from non-point sources to levels compatible with 
water quality goals (Dornbusch and Herndon 1978). Many of the current 
forestry practices which have been effective in reducing sediment and
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other pollutants front entering streams can be used as Best Management 
Practices. Such practices as properly locating loading decks and roads 
in relation to topography and soils, use of harvesting and planting 
practices which keep erosion to a minimum, substituting rubber-tired 
vehicles for tracked vehicles wherever possible, establishment of 
streamside buffer zones which will be off-limits to vehicles, and keep­
ing disturbance of natural protective soil cover to a minimum near a 
stream, are effective in reducing erosion from forest lands (Dornbuscb 
and Herndon 1978, National Wildlife Federation 1978).
If it is determined that certain forestry activities have signifi­
cant effects on water quality, then Forestry BMP's will be required. 
However, BMP's are not required for non-point sources if the state can 
certify that existing management practices are regarded as sufficient to 
meet water quality goals (Winger 1978).
Section 402. —  Section 402 is the permitting section for point 
sources under the Clean Water Act. Only four forestry activities are 
identified as point sources and subject to federal permits (NPDES per­
mits, i.e. National Pollutants Discharge Elimination Systems permits): 
(1) rock crushing, (2) gravel washing, (3) log sorting, and (4) log 
storage. Tree nurseries were originally subjected to Section 402 per­
mitting because of the return flow of irrigation water in waterways sub­
ject to regulation. However, tree nurseries have been removed from 
Section 402 and placed under Section 208 as the result of a recent water 
act amendment (Section 33, P.L. 95-217) (Haeussler 1978).
Section 404. —  Section 404 is under the authority of the U.S. Army 
Corps of Engineers. The Corps has the power to issue final regulations 
governing the movement of dredge and fill materials into navigable
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waters and wetlands of the United States (Brown et al. 1976, Haeussler 
1978). The question of what constitutes navigable waters, under the 
Corps jurisdiction, has been ruled upon by the courts. According to 
that ruling, navigable waters are those "freshwater wetlands, including 
marshes, shallows, or swamps contiguous or adjacent to navigable 
waters..." and also includes areas that are periodically inundated and 
with vegetation that requires saturated soil•(Brown et al. 1976).
If a specific operation involves only a small amount of earth move­
ment, then no permit is required. However, if the activity involves 
considerable amounts of earth movement, some form of permit will be re­
quired from local, regional, or federal authorities (McKnight 1977). 
Forest roads are exempt from permitting when constructed and maintained 
in accordance with BMP's (Haeussler 1978).
With the passage of P.L. 95-217, Section (b)(4) was amended to pro­
vide state governors with the alternative to form a state-administered 
program to control certain dredge or fill activities under Section 208.
Logging Practices Causing Erosion
Logging roads. —  Logging roads are considered the main source of 
accelerated erosion occurring from normal forestry operations. Sommer 
(1973) and Megahan (1972) estimated that 90 percent or more of the 
accelerated erosion in many forested areas can be attributed to logging 
roads. In past years, these roads were established by logging contrac­
tors with little thought of proper placement or erosional effects. Con­
siderable research has been conducted on this problem and clearly
indicates that logging roads can accelerate erosion.
Megahan (1972) found- on a small watershed in central Idaho that
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roads increase surface erosion 220 times, while cutting plus skidding 
increased surface erosion only 1.6 times. The combination of cutting 
plus skidding and roads increased sediment production over 45 times for 
the entire watershed.
Hoover's (1952) study in North Carolina showed that 2.3. miles of 
roads lost 6,850 cubic yards of soil in four years, while Weitzman and 
Trimble (1955) reported losses of greater than 7 inches of soil from a 
heavily used logging road in West Virginia. On another watershed that 
was carelessly logged, soil losses of 0.3 inch, or 40 tons/acre of skid 
road, were reported by Hornbeck and Reinhart (1964). Roads were ran­
domly established within the watershed and estimated to have covered 
3.6 percent of the logged area. Lesser losses were reported where roads 
were arranged more carefully.
Fredricksen (1970) found that when 1.65 miles of roads were con­
structed in a steep 250-acre watershed in the Oregon Cascades, storms 
caused streams to carry 250 times more sediment than on an undisturbed 
watershed nearby. Rice and Wallis (1962) and Anderson and Wallis (1965) 
reported that road construction increased the average sediment concen­
tration and sediment yield by fivefold in the first year. Working in a 
2 . 2km (4 mile ) watershed near Castle Creek, California, they measured
rates of sediment concentration and sediment yield ranging from 64 ppm
2 2 to 303 ppm and from 326 metric tons/km /year (935 tons/mile /year) to
2 . 2 1,610 metric tons/km /year (4,600 tons/mile /year), respectively.
Although logging roads are the primary source of erosion from 
forestry operations, advanced planning and careful construction,and 
management of roads can eliminate a large proportion of this problem.
In West Virginia, where a logging operation was well planned, a maximum
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turbidity of 25 JTU's (Jackson Turbidity Unit) was measured, while in 
an adjacent watershed, tractor-logged without plan or direction, a max­
imum turbidity of 56,000 JTU's was measured (Reinhart and Eschner 1962), 







Haupt and Kidd (1965) found that when ponderosa pine (Pinus ponder- 
osa Laws.) in the Boise Basin Experimental Forest was logged with 
advanced planning, sedimentation was held in check when close super­
vision of logging and application of intensive measures for controlling 
erosion promptly after harvesting were initiated.
In a logging operation carried out at the Coweeta Hydrologic Lab­
oratory, with no restrictions placed on the operations and poor road 
construction practices allowed, stream sediment content averaged 94 ppm 
with a maximum of 3,500 ppm. Comparable figures for the unlogged con­
trol area were 4 and 80 ppm, respectively (Lieberman and Hoover 1948). 
Hornbeck (1968) found that small forested areas in steep terrain could 
be clearcut without serious erosion and damage to water quality, if a 
logging operation was carefully planned and conducted.
Although advanced planning and proper placement of roads and skid 
trails can reduce erosional effects, the location of buffer strips 
adjacent to streams also can effectively reduce the amount of sediment 
reaching them. Haupt and Kidd (1965) found that sediment reached chan­
nel bottoms through undisturbed buffer strips averaging 8 feet wide but 
did not reach them if the strips were more than 30 feet wide. Sediment
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"in route" had stopped after three years.
Road construction is not considered to be much of a problem in the 
South. Most of the terrain is fairly level with timber readily accessi­
ble from existing roads. It is in the mountainous regions of the 
western and eastern parts of the country that the problem becomes 
critical.
Due to the extremely steep terrain and inaccessibility of the 
timber, a more elaborate access system is needed. On terrain with 
slopes of greater than 30 percent, modern logging machines are largely 
restricted to roads. This results in roads often being placed no fur­
ther than 300 feet apart (Kidd and Kochenderfer 1973). On slopes of 
30 percent or less, tractors are normally recommended for skidding. But 
in areas where the slope is 60 percent or greater, no roads should be 
built (E.P.A. 1973b, 1975). Road construction disrupts the basic equi­
librium of steep slopes and forest soils through alteration of slope 
drainage, slope loading, and slope undercutting (Swanston and Dryness 
1973). This means that in steep, rough terrain some other means of 
removing timber must be utilized.
In the western forested regions, the number of roads that have been 
built is determined by the type of skidding utilized. Kidd and 
Kochenderfer (1973) studied two types of skidding systems, a jammer 
system and a mobile spar system, in the Pacific Northwest. When the 
jammer system was used, parallel contour roads were required every 200 
to 400 feet on a hillside, while the mobile spar was effective with road 
spacing of 1500 to 2000 feet apart. Therefore the mobile spar required 
only 3 miles of road per section as compared to 16 miles per section for 
the jammer system. The mobile spar unit would be the preferred system
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in mountainous terrain in respect to road requirements, since roads are 
defined as the major source of erosion. Megahan and Kidd (1972) deter­
mined that roads associated with a jammer system of logging increased 
sediment production an average of about 750 times over the natural rate 
for the six-year period following construction.
According to the Austrians and Germans, proper road building re­
quires 6 miles or more of roads per section (Sommer 1973). This is very 
close to the road requirements in the west for high lead and grapple 
operations. The Austrians and Germans have the advanced knowledge for 
working in steep terrain conditions since they have been intensively 
growing trees on alpine slopes for centuries.
A problem associated with road construction in the eastern and 
western forested areas is the slumping of the road mantle. Slumping 
occurs when shallow soils become so saturated with moisture that they 
literally slide off the underlying bedrock (Kidd and Kochenderfer 1973). 
These slumps normally occur on slopes steeper than 60 percent (31 
degrees), but they can occur on slopes as low as 50 percent (26 degrees) 
if disturbed by road building. Slumping, which is also a natural pro­
cess, can even occur where there is no signs of visible ground 
disturbance.
Skidding. —  The type of logging system utilized can play a signif­
icant role in the amount of erosion that occurs following the operation. 
Logging systems utilized vary considerably in different regions of the 
country. Tractor-logging is the primary method used in the South due to 
the flat terrain, while different types of cable systems must be used in 
mountains because of the steep terrain.
The problem with tractor logging is the disturbance of soil in the
18
form of compaction, displacement, or puddling under saturated conditions 
(Montgomery, Inc. 1976).' Trimble and Weitzman (1953) conducted a study 
on the erosional behavior of four different kinds of tractor skid 
trails. On those trails having gradients of less than 10 percent and 
drained by waterbars where needed, sediment production was only 55 
pounds/acre during the first year after logging. On those trails with 
no limit on gradient and no waterbars, sediment production was 433 
pounds/acre, almost eight times more.
Megahan and Kidd (1972) evaluated the effects of the jammer and 
skyline logging systems in the Idaho Batholith of central Idaho. Five 
years of data revealed no differences between the systems. Logging 
alone, excluding any roads, increased sediment production by a factor 
of about 0.6 over the natural sediment rate. If roads associated with 
the jammer system are included, sediment production increased an average 
of about 750 times over the natural rate. Sediment production associ­
ated with roads in the skyline system was not significant due to the 
small number of roads associated with the system.
Garrison and Rummel (1951) conducted a study in Oregon and 
Washington to compare jammer logging versus tractor logging. In an 
area considered too steep for safe tractor logging, they found that 
jammer logging caused deep soil disturbance only on 2 percent of the 
area and exposed bare soil over 15 percent of the site. When they com­
pared this to tractor logging on more favorable terrain, they found that 
soil disturbance occurred over 15 percent of the area and exposed bare 
soil over 21 percent of the site. The jammer logging system probably 
causes the greatest amount of soil disturbance of all the various cable 
systems, yet this system produces less damage than that brought about by
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tractor logging (Montgomery, Inc., 1976).
Brown and Krygier (1971) studied a clearcut in the Northwest where 
the high-lead system was used. They reported that there was no measure- 
able increase in suspended sediment following the logging of a 15- 
hectare (39-acre) watershed. Fredricksen (1970) found that sediment 
concentrations were only modestly affected over a three-year period 
following a clearcut. Mean concentrations during storms remained below
10 ppm.
Dickerson (1975) studied the effects of tree-length skidding up 20 
different slopes with rubber-tired skidders on two different soil types, 
Lexington silty clay loam and Ruston loamy sand. His results indicated 
that streamflow volumes increased to an average of 28.4 cm, or about
11 percent of the total rainfall during the two-year study. Soil losses 
averaged 14.8 kg per trail in the first year but diminished rapidly as 
herbaceous vegetation occupied bare soil.
Dickerson (1968) compared sawtimber and pulpwood harvesting on 
erosive sites in north Mississippi. Fifteen percent of the area logged 
for sawtimber was disturbed to some degree while pulpwood harvesting 
disturbed 12 percent. One year after logging, soils on 3 percent of the 
area cut for sawlogs and 1 percent of the pulpwood area exhibited signs 
of accelerated erosion. Campbell et al. (1973) reported that 23 percent 
of the sites logged in the Piedmont were disturbed when rubber-tired 
skidders were utilized. Wooldridge (1960) found that when tractor log­
ging was used in a partial cut of the mixed coniferous forest type of 
eastern Washington, mineral soil was exposed on 22 percent of the area, 
whereas less than 6 percent was exposed in logging by a skyline crane.
This type of harvesting■operation can also influence the amount of
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area stripped of protective cover. According to Rothwell (1971), the 
degree of site disturbance associated with the various cutting methods 
decreases in the following order: clearcut,. seed-tree, shelterwood,
group selection, and selection. However, Haupt and Kidd (1965) reported 
that cutting by stem selection exposed about 1.4 times more mineral soil 
than cutting by group selection. Their work also, showed that haul roads 
and skid trails exposed soil on 8 percent of the total silviculturally 
treated areas in central Idaho.
Klock (1973) conducted a study on the soil disturbance during 
logging and soil erosion after logging. The results indicated that the 
percentages of the logged area observed to be eroded were cable skid­
ding, 41 percent; tractor skidding on bare soil, 31 percent; tractor 
skidding on snow, 13 percent; and helicopter, 3 percent.
Swanston and Dyrness (1973) estimated the percent of barren area 
and percent of area compacted following a clearcut in the Pacific North­
west. Four different logging systems were utilized and the results were 
as follows:
Percent Percent





As the results indicate, tractor logging, which is used extensively in 
the South, caused the most damage in both categories.
The cutting of trees alone does not increase erosion (Swanston and 
Dryness 1973) as long as ground cover is maintained. Ursic (1970, 1975) 
reported that soil losses for an area of upland hardwoods which were 
deadened with herbicides increased by about 400 pounds/acre during the
21
first year, then declined by 75 percent from predicted amounts during 
the 4th and 7th year. An experiment conducted by Douglas and Swank 
(1975) which included no road building or logging, just the cutting of 
trees, produced no discernible increase in the forest stream turbidity.
Fire. —  Although prescribed burning is a necessary silvicultural 
practice, it can lead to temporary increases in surface runoff and 
erosion due to the destruction of the surface cover layer. The problems 
caused by fire are not so much in the mineral soil itself but rather in 
the destruction of the vegetation and litter which cover it (Montgomery, 
Inc. 1976). However, effects of burning are quickly healed once vegeta­
tion re-covers the site. Moderate and light burning often has little 
direct effect on soil properties. However, Swanston and Dyrness (1973) 
reported that hot fires can cause changes in surface soil properties.
The most serious effect is the breakdown of water-stable aggregates and 
lowering of the organic matter content. The formation of nonwettable 
or hydrophobic layers in some sandy-textured soils after high intensity 
fires can be a problem.
Brown and Krygier (1971) found that sediment yields increased about 
fivefold after clearcutting and burning and maximum concentrations in­
creased from 970 to 7600 ppm after burning. Fredricksen (1970) studied 
an area for two years following clearcutting, skyline logging, and slash 
burning. He reported that sediment concentrations were 67 and 28 times 
greater the first and second year than those recorded on an undisturbed 
watershed during the sampling period.
Ursic (1970) found that prescribed burning and deadening of upland 
hardwoods increased soil losses from two catchments by 49 and 199 per­
cent the first year, but the maximum increase in soil loss was less than
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500 pounds/acre. He reported that a prescribed burn in Mississippi 
increased soil loss by about 0.2 ton/acre/year. This effect could be 
expected to persist no longer than three years. Rates normally less 
than 300 pounds/acre can be expected after occasional burns for vegeta­
tion control (Douglas 1975). Within a few months, grasses, herbs, and 
sprouts are often sufficient to provide an adequate ground cover.
In prescribed burning, the burn may be made annually or periodi­
cally depending upon ground conditions. In annual burning, the soil is 
deprived of a litter layer with a progressive reduction in infiltration 
rates. Increases in surface runoff and erosion thus can be expected to 
follow. When a second-growth forest of shortleaf pine (Pinus echinata 
Mill.) and hardwoods in the Piedmont was burned annually, erosion in­
creased progressively from about 2 pounds/acre to 7.8 tons/acre over 
a seven-year period (Copely et al. 1946).
Erosion Process
Erosional rates. -- As stated earlier, a fully stocked forest stand 
is subject to the forces of erosion even without man's presence. The 
natural rate may vary regionally due to differences in the erodibility 
of soils. Such factors as geology, climate, landform, and vegetation 
also influence the process. In order to get some idea of these natu­
rally occurring rates , several studies were initiated in various regions 
of the country.
An erosion rate of 2 inches of soil loss per 1000 years can be 
expected in the Mississippi Basin and rates of up to 1.6 inches can be 
expected in the south Atlantic and eastern Gulf Coast (Sheldon and 
Ritter 1964). In the eastern United States, the rate is generally
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accepted as 1 foot per 10,000 years (Morisawa 1968). Rates of up to 
0.05 ton/acre/year have been established for presettlement conditions 
in forested southern Michigan (Davis 1970). Soil-loss tolerances range 
from 5 to 11 metric tons/ha (2-5 tons/acre) for good agricultural soils 
under fertilization and intensive management in the Piedmont (Nutter 
and Douglas 1978).
Rogerson (1971) calculated an average soil loss value of 13.7 
pounds annually over a 9-year period from three 1.4- to 1.6-acre pine- 
covered watersheds in Arkansas. This erosional loss averaged 2.3
3pounds/acre-inch of flow during the study. An average rate of 390 ft f .
2
mile /year was measured by Megahan (1972) in an undisturbed watershed in 
central Idaho.
Copely et al. (1946) measured average erosion losses of 3.2 pounds/ 
acre for seven years from second-growth hardwood in the Piedmont. If 
this value is compared to those obtained from a four-year rotation of 
cotton and corn, 21.8 and 28.7 tons, then the forested area is contri­
buting very little to the soil loss process. Ursic (1963) reported soil 
losses over a 3-year period averaged 40 pounds/acre from three water­
sheds supporting forests of mature pine and hardwoods.
Ursic and Dendy (1965) measured sediment yields of less than 0.1 
ton/acre annually from a small Coastal Plain catchment of pole-size 
loblolly pine (P. taeda L.) planted on eroded sites. During this study, 
rainfall averaged between 42 and 66 inches per year with stormflows up 
to 12 acre-inches of runoff.
According to Meade (1969), converting forest land to farms in the 
Potomac and Susquehanna River basins caused an approximate tenfold in­
crease in sediment production. In 1975 alone, the loss of cropland soil
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from water erosion totaled 2.8 billion tons, an average of 9 tons/acre 
(Kendall 1978).
The Environmental Protection Agency (1973a) proposed that 80 mg/1 
(ppm) of suspended solids in water be set as a standard for protecting 
fish, wildlife, and recreation resources. This is equivalent to 18 
pounds/acre-inch of runoff. If 13 pounds/acre-inch of runoff approxi­
mates the norm for a well-stocked, undisturbed southern pine forest of 
the Coastal Plains, the forest industry is left little leeway in estab­
lishing policies to meet the goal set by the E.P.A. (Ursic 1975).
Litter cover. —  Ground cover is a key factor in preventing soil 
erosion, especially accelerated erosion. A  fully stocked forest stand 
normally contains an adequate ground cover. An estimated litterfall of 
1 to 2 tons/acre can be expected for fully stocked hardwood stands 
(Blow 1955, Chandler 1941, Cromack 1973, Korner 1955, Metz 1954, Sims 
1932). Williston.(1965) measured an average oven-dry weight of 7.3 
tons/acre for 8- to 16-year-old pine stands planted for erosion control 
in north Mississippi. As long as there is an adequate cover, soil 
erosion is fairly well held in check even following logging. McClurkin 
and Moehring (1978) estimated that a 1/2-inch deep layer of litter, 
covering more than 3/4 of the ground, will halt sediment movement on 
severely eroded sites. Results of research by Swanston and Dyrness 
(1973) indicated that as long as a 2.5- to 7.5-cm (1- to 3“inch) layer 
of surface organic matter remains intact, there is seldom any detachment 
and subsequent transportation of sediment. According to the results of 
Cromack's (1973) work, decomposition requires more than a year. This 
means a buildup of 3 to 14 tons of organic matter per acre. The greater 
weight is associated with pine forest (Metz 1954, Ursic 1963). Once the
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protective canopy is removed, the ground cover is subjected to the in­
tensive forces of weathering which results in increased decomposition 
of the ground cover. Dickerson (1972) observed that just removing the 
pine overstory with no logging disturbance caused the litter layer to 
deteriorate rapidly.
Lowdermilk (1930) concluded from his study of forest litter and its 
effects on runoff and erosion, that the beneficial aspects of litter 
cover were not due to its water absorbing capacity, but rather to its 
protection of the soil from the destructive action of raindrops. Packer 
(1957) suggested that in order to minimize runoff and erosion, ground 
cover density should be at least 70 percent, with the maximum size of 
bare openings no greater than 4 inches.
Channel scouring. —  The effects of channel scouring must be 
weighed heavily when the effects of logging on increased sedimentation 
and turbidity are discussed. Channel scouring is a natural phenomenon 
that can be increased as the result of logging activities. Following a 
harvesting operation, increased stream flow accompanied by higher veloc­
ities can generally be expected. This increase in stream velocity 
results in both carrying power and competence of streams being high for 
a period of time after forest cutting (Douglas 1975).
The amount of sediment that results from channel erosion varies in 
the different regions of the United States. It is less of a problem in 
the mountain regions where the stream beds are mainly gravel, while the 
stream beds of the southern United States are predominantly sandy. Non- 
cohesive, fine-grained soils such as silts and fine sands erode readily 
when channel velocities exceed 2 feet per second (E.P.A. 1975).
In the Willamette Basin of western Oregon, stream channel erosion
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contributed 54 percent, forest lands 24 percent, and agricultural lands 
25 percent to the sediment load (E.P.A. 1975). Over half of the sedi­
ment load in Michigan streams came from its eroding banks (Hansen 1971).
Piest and Bowie (1974) estimated that 19 percent of the total sedi­
ment discharge from a 1580-acre watershed of mixed land use was due to 
streambank erosion. Total sediment discharge averaged 3 tons/acre/year. 
A 3.5-mile reach near the gauging station contributed 260 tons of sedi­
ment per mile annually. This is equivalent to 280 ppm, which is more 
than three times the proposed E.P.A. standard of 80 ppm.
Ursic (1975) conducted a similar study on a 117-square-mile drain­
age area and came up with similar results. He measured up to 0.70 ton 
of sediment per acre-inch of runoff with an annual yield of 4.8 tons/ 
acre and a loading factor of 100 ppm per mile from a 4-mile reach near 
the gauge. The banks of this reach of dredged channel were eroding at 
an annual rate of 5,700 tons/mile of channel. This was three times more 
than the national average for 300,000 miles of streams with bank-erosion 
problems. Since one-third of the watershed was covered with pine tim­
ber, it was estimated that harvesting would increase the base rate of 
sediment production 10 times to 130 pounds per acre-inch of runoff.
Total sediment passing the gauging point would be increased by less than 
2 percent while 1.4 miles of dredged channel at the mouth of the drain­
age would be yielding as much sediment as the entire forested portion of 
the watershed.
Johnson and Swank (1973) measured soil losses of 29 to 72 pounds/ 
acre from mature Appalachian hardwoods and white pine (P. strobus L.) 
forests. This sediment was primarily bedload of perennially flowing 
streams. Ursic (1963) measured soil losses of 200 pounds/acre over a
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three-year period as a result of channel cutting in Mississippi.
Another cause of increased channel flow is instability of accumu­
lated debris in channels. Debris which accumulates in the streambed 
slows down the velocity of water as well as acts as a filter. Normally, 
small channels carrying runoff from forested watersheds are covered with 
some type of protective litter. However, when unusually large storm- 
flows occur, litter and accumulated sediment may be flushed out, in­
creasing concentrations to 10 times that of the 80 ppm standard set by 
the E.P.A. (Ursic 1975). In another study (Tennessee Valley Authority 
1962), it was determined that the additional 175 pounds/acre-inch of 
runoff was sediment that had accumulated in the channels before the 
pines were planted. Since the runoff from the forest is relatively 
clean, its additional carrying power picked up sediment from the channel 
bed.
In Texas, erosion rates were measured on a site that had been dozed 
and windrowed as a form of site preparation. Hunt and Miller's (1976) 
results indicated soil losses of up to 16.1 ±  4.9 cubic yards, or 
16.3 ±  5.4 tons/acre the first few months following the operation.
While erosion and decomposition occurred within the disturbed area, 
little or no movement off the watershed was indicated.
It was observed in Alaska that tributary streams draining an area 
that was patch clearcut carried unusually heavy silt loads during fresh- 
lets (Sheridan and McNeil 1968). Water samples collected from three 
major tributary streams during freshlets contained on the average two to 
four times more inorganic sediment after logging than before.
Recovery time. —  Once a logging road, loading deck, or skid trail 
has been established, a critical factor affecting its potential to
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accelerate soil erosion is the amount of time it lays barren and unpro­
tected. Several studies conducted on this problem have shown that the 
most critical period is within the first year after establishment, and 
soil erosion subsequently lessens with time. The E.P.A. (1975) esti­
mated that approximately one-half to two-thirds of the erosion from a 
road occurs during the first year after construction. Reinhart and 
Eschner (1962) reported that the greatest impact of logging on water 
quality was during and immediately after the logging operation.
Recovery of the vegetation substantially decreased erosion within one 
year.
Megahan and Kidd's (1972) work in central Idaho indicated about 84 
percent of all sediment resulting from surface erosion on logging roads 
was produced during the first year after construction. After the first 
year, sediment production dropped to less than 3 percent annually for 
the remaining four years of the study. In another study, Megahan (1972) 
found that erosion rate decreased rapidly during the first two years 
after disturbance. By the end of the second year, 93 percent of the 
surface erosion recorded during the six-year study had occurred. ,
In Castle Creek, California, work by Rice and Wallis (1962) and 
Anderson and Wallis (1965) showed that even though the average sediment 
concentration and sediment yield increased by fivefold the first year 
following road construction, concentrations and yields declined to only 
twice the normal rate in the second year.
Sheridan and McNeil (1968) measured a temporary increase in fine 
particles in a salmon spawning bed in Alaska following logging. The 
amount five years after logging began was not significantly greater than 
preharvesting conditions.
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Soil Factors Affecting Erosion
Texture. —  Soil Texture and aggregation are two very important 
physical factors that influence surface soil erosion. The content of 
clay, coarse sand or gravel, or silt is an important fact to consider in 
determining the erodibility of a soil.
The amount of water-stable aggregates in the surface soil can be 
used as the single most valuable index of soil erodibility. In general, 
the fine-textured soils contain far larger amounts of water-stable 
aggregates than coarse-textured soils. This is due to the fine clay­
sized particles constituting the principal cementing agent in the forma­
tion of aggregates.
Clay has a very fine particle size, is easily transported by water, 
but is not easily detached because of high aggregation (E.P.A. 1975). 
Coarse sand or gravel is noncohesive and not easily detached or trans­
ported because of much larger particle sizes. Silt is relatively small 
in particle size, but not as small as clay, and generally is relatively 
easy to detach and transport. Fine sand is included in the silt cate­
gory. Therefore, silt-size particles are most vulnerable to erosion.
If either the gravel or clay content is increased, the silt becomes 
less erodible. If one takes a given increment of silt and increases the 
clay-to-sand ratio, the erodibility is decreased. However, increased 
clay content may have more adverse effects upon water quality. Due to 
the clay particle's small size and extremely poor settling characteris­
tics, clay particles can cause increased turbidity (Wischmeier et al. 
1971).
Large size particles are more resistant to erosion than smaller
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ones. The most resistant to erosion are aggregates of primary particles 
cemented together by colloidal materials (Swanston and Dyrness 1973).
The organic matter content of the soil is a very important factor in the 
formation of water-stable aggregates due to its cementing effects. 
Wooldridge (1965) reported that the organic content has a significant 
effect on surface erosion primarily through its effect on mean aggregate 
size, and Willen (1965) found soils that had high organic matter content 
to be the most stable.
Soil compaction. —  Logging roads, skid trails, and loading decks 
generally have higher erosional rates due to the destruction of some key 
physical properties. These areas usually possess very little if any 
protective cover. It is generally accepted that bulk density increases 
while the infiltration rate and porosity decrease on these sites. Thus 
there may be substantial increases in surface runoff from these sites.
Hatchell et al. (1970) found that bulk density increased only half 
as much in secondary skid trails as in primary skid trails, while 
Dickerson (1976) found that soil in wheel ruts was compacted on an aver- 
age of 20 percent to 1.55 g/cm . Logging also caused a substantial in­
crease in soil strength and a drastic reduction in infiltration 
capacity,
Hatchell et al. (1970) found that the mean infiltration rate in 
secondary skid trails and surface soils of log decks was only 22 percent 
of that for undisturbed soil samples from the same area. Swanston and 
Dyrness (1973) measured the infiltration rate for skid roads and found 
it to be only 5 percent of that for undisturbed soil samples. Hatchell 
et al. (1970) indicated that air space of surface soils was found to be 
consistently higher in undisturbed soils than in soils disturbed by
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logging, while disturbed soils held more moisture.
Steinbrenner and Gessel (1955) found that a 15 percent increase in 
bulk density of skid-road soils resulted in a 93 percent loss in perme­
ability. Steinbrenner's (1955) work also revealed that tractor logging 
reduced the soil permeability 50 percent and decreased the content of 
macroscopic pores 23 percent when compared to undisturbed samples. 
Dyrness (1965) measured the bulk density of undisturbed soils and found 
that they had 77 percent pore space, while soils compacted by tractor
logging averaged only 63 percent.
Soil texture and time of logging are two factors that can signifi­
cantly effect the degree of compaction. Medium-textured soils (loams 
and silt loams) generally compact to greater densities than fine- or 
coarse-textured soils (Swanston and Dyrness 1973). On medium-textured 
soils that are moist, damage is just as likely to be as serious from 
one vehicle trip as several. Optimum moisture for compaction is some­
where between field capacity and the permanent wilting point.
Steinbrenner (1955) found that passing an HD-20 crawler tractor four 
times over a dry soil reduced the macroscopic pore space by approxi­
mately 80 percent. However, when the soil was moist, one trip by the 
tractor was equivalent to four trips when the soil was dry.
Hogan's (1974) results of wet-weather versus dry-weather logging 
in southeast Louisiana showed that areas logged in wet weather exhibited 
the most disturbance to all soil properties. Percolation rates were 
reduced in the landings of both wet and dry areas, while the heavily 
used skid trails of wet-weather areas exhibited a large reduction in 
capillary porosity.
Once these sites are disturbed, it takes considerable time before
they can return to prelogging conditions. Perry (1964) estimated that 
approximately 40 years would be required for recovery of the infiltra­
tion capacity in old logging roads. Hatchell et al. (1970) estimated 
that the average time required for bulk density on logging decks to 
return to density of undisturbed soils to be 18 years. Drissi (1975) 
found that approximately 18 years passed before the upper 5 cm of soil 
in logging roads in the Piedmont returned to pre-use levels. At deeper 
depths, much longer periods were required before soil properties re­
turned to pre-use levels. Perry (1964), Hatchell et al. (1970), and 
Dickerson (1976) estimated that when ruts and soil compaction are 
imposed during wet-weather logging, eight or more years may be required 
before natural forces can return the soil bulk density to preharvest 
values. Duffy and McClurkin (1974) estimated the time for recovery of 
soil physical properties to pre-logging conditions to be about 12 years. 
When tree-length harvesting was carried out in northern Mississippi by 
utilizing versatile rubber-tired skidders, Dickerson (1976) projected 
that it would take 8-12 years for impaired percolation in skid trails to 
return to normal levels.
These impaired physical properties can severely restrict tree 
growth on these sites. Hatchell et al. (1970) measured lower survival 
and growth of natural regeneration on heavy-textured soils in skid 
trails used during wet weather. Duffy and McClurkin (1974) found that 
the high bulk densities found in wheel ruts, on log-disturbed areas, and 
on compacted tractor roads can be detrimental to the establishment and 
growth of planted loblolly seedlings, as compared with seedlings planted 
in other cutover locations.
On eroded soils reclaimed to pine, physical properties of soils
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improved, and after 15 years infiltration rates had increased by an 
average factor of 2.5 or about 5 inches per hour (McClurkin 1970).
Nutrient losses. —  Nutrient losses due to harvesting, mainly 
through the process of total tree utilization, has been receiving con­
siderable attention lately. Following a logging operation which exposes 
considerable land area, the effects of leaching and loss of nutrients in 
runoff may become a problem. Following a harvesting operation, the 
nutrients are tied up in the residue material until released by decompo­
sition.
Nutrient losses from a forest may occur: (1) as dissolved and
suspended constituents in streams, (2) by removal of material from the 
land, and (3) by volatilization to the atmosphere (E.P.A. 1973a).
Likens et al. (1970) conducted a study on nutrient concentrations of 
surface waters at the Hubbard Brook Experimental Forest in New 
Hampshire. The watersheds contained a mixed northern hardwood forest on 
podzolic soil developed from glacial till. Two watersheds were utilized 
in the study, one was an uncut control and on the other the trees were 
cut but not removed and vegetation growth inhibited for two years by 
herbicide application. Likens et al. found that the nitrate concentra­
tions in the streamflow were 41 times higher in the disturbed watershed 
the first year after cutting and 56 times higher the second year, rang­
ing from 40 mg/1 to as high as 90 mg/1. Other cations increased as fol-
lows: Ca by 4.2 times, Mg by 4.1 times, K by 15.6 times, and N by
*4*3 “
18 times. Accelerated losses were also noted for Al , Si02, and Cl ,
• # +4 ™
while concentrations of SO^-S, NH , and HCO^ decreased.
Other factors can influence nutrient release following cutting or 
burning. Soil characteristics, vegetation, climate, and other factors
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that describe a watershed all play a part in the releasing of nutrients.
In the Coweeta Forest, most of the nitrogen was contained in large 
storage pools which turn over very slowly. Over 80 percent of the total 
nitrogen was tied up in soil organic matter, with a turnover rate of 
.007 percent per year, and about 11 percent totally in plant pools with 
a turnover rate of .138 percent per year (Waide and Swank 1977). Study­
ing an oak-hickory and loblolly pine forest, they measured the effects 
of management alternatives on nitrogen cycles in. these two forests. 
Measured either as the total amount of nitrogen removed or as annual 
removal rate, the greatest amount was from a simulated coraplete-tree 
harvest. In the oak-hickory model, the highest annual rate of nitrogen 
removal was found in the 50-year rotation, while the simulated 90-year 
rotation had the second highest rate. In the loblolly pine model, the 
second highest impact was the simulated thinning alternatives, while the 
least impact occurred for the unthinned, merchantable harvest 
simulation.
Aubertin and Patric (1974) studied a clearcut hardwood forest in 
West Virginia that was allowed to regenerate naturally. They found a 
negligible effect on most cations and anions measured, although the 
N O ^ N  and phosphate concentrations showed slight increases during storm 
periods and sulfates showed reductions.
Effects of Timber Harvesting on Understory Vegetation
One of the main problems following a harvesting operation is the 
tremendous influx of vegetation on the site. From a wildlife stand­
point, this is very beneficial but can be a problem to the forester 
trying to reestablish a commercial timber species on the site.
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Clearcutting is a major type of timber harvesting utilized in the 
South today. Depending upon the time of. year, a wide assortment of 
grasses, forbs, and browse grow profusely following timber harvesting. 
This initial increase in vegetative production can be expected to last 
three to five years (Blair 1967). Around the end of the fifth year, the 
canopy of trees planted on the site begins to close, depending upon the 
spacing and species. As the tree canopy closes and reduces the amount 
of light reaching the understory, much of the vegetation will begin to 
disappear. The value of such stands for wildlife habitat begins to 
decrease as the amount of vegetation available as a food, source begins 
to decline.
However, between age 15 to 18 years, many of the pine plantations
in the South are given their first commercial thinning. Foresters
2
usually thin these pine plantations to 60-80 ft of basal area per acre
(Blair 1967). Following the thinning, an adequate if not bountiful
supply of browse can be expected to develop again.
Blair and Enghardt (1976) found that loblolly pine stands should
be managed at a minimum level of basal area if good herbage production
2is desired. A loblolly pine plantation thinned to about 16 m per ha 
every five years after the age of 20 can provide adequate forage for 
deer when the midstory is limited to desirable fruiting trees and 
shrubs. If winter backfires are utilized at five-year intervals, the 
aboveground portion of many smaller stems of hardwoods, shrubs, and 
woody vines will be killed. This results in multiple stem sprouting the 
following spring, increasing the productivity and nutrient quality of 
forage.
Halls and Alcaniz (1971) reported timber cuttings were followed by
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a sharp increase in yields of herbaceous vegetation. The amount of 
herbaceous forage produced during the second growing season after thin­
ning was threefold greater in a pine stand and more than doubled in a 
mixed pine-hardwood stand. However, herbaceous yields changed little in 
either stand the first year after thinning.
Agee and Biswell (1970) reported that the understory herbaceous 
vegetation increased with the thinning of trees. Cover of the under­
story was 8.5 percent on the thinned plots and 2.1 percent on the non­
thinned plots. After fertilization, measurements of materials produced 
on the area on a per-acre basis were as follows: thinned and fertil­
ized, 288 lb; fertilized only, 33.5 lb; thinned only, 76 lb; and no 
treatment, 17.7 lb.
Blair (1968), working near Woodworth, Louisiana, conducted a study 
in a 30-year-old loblolly pine plantation to determine the yield of 
browse available from the stand which had been thinned to different 
basal areas 5 and 10 years previously. He found that areas of the 
stand thinned lightly, to a basal area of 100 ft /acre, yielded only
154 lb of oven dry browse per acre. Stands thinned to a basal area of 
2
85 ft /acre yielded 179 lb of browse while stands heavily thinned to 
2
70 ft /acre yielded 199 lb. Of the total browse available, about 64 
percent was from species palatable to deer.
Krefting (1962) conducted a study on four cutting methods —  heavy 
diameter limit, light selection, clearcutting in strips, and shelter- 
wood cutting —  in mixed conifer swamps of Upper Michigan to determine 
their effects on browse production. All of the cutting methods resulted 
in increased browse production. In one of the replications of the 
study, the pounds of hardwood browse per acre were: control, 18; light
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selection, 46; block cutting, 130; diameter limit, 134; strip clear- 
cutting, 161; and shelterwood, 184. On both study areas, increase in 
the number of stems of shrubs and tree production resulted from cutting 
in all treatments. The increases in stem-count were as follows: selec­
tion, 72 percent, block, 71; diameter limit, 92; shelterwood, 121; and 
strip clearcutting, 148 (Krefting and Phillips 1970).
It has been determined that game managers can alter the overstory 
density and species composition of the understory to increase quantity 
and improve the seasonal distribution of palatable tissue available to 
deer (Halls and Alcaniz 1971). Polton (1974) stated that through prop­
erly designed harvest, an increase in herbage production and a diversity 
would be created. Halls (1973) pointed out that the management of 
timber stands influences the abundance of wildlife populations. Clear- 
cuts should be between 20 and 100 acres, and long narrow cuts give 
greater edge effects and benefit deer more than square or circular 
clearcuts.
METHODS AND PROCEDURES
Location and Description of Study Areas
Idlewild Experiment Station. —  Idlewild Experiment Station is 
located near Clinton, Louisiana, 72.4 km north of Baton Rouge, in East 
Feliciana Parish (Figure 1). The station contains 700.81 ha.
The predominant species on the study site was loblolly pine (Pinus 
taeda L.) with varying amounts of shortleaf pine (Pinus echinata Mill.) 
mixed in. The loblolly pine occupied mainly the slopes with varying 
amounts in the stream bottoms, while the shortleaf pine was confined 
mainly to drier ridge tops. Considerable amounts of hardwood were dis­
persed throughout the pine stand. The main species was southern red oak 
(Quercus falcata Michx.) with sweetgum (Liquidambar styraciflua L.), 
flowering dogwood (Cornus Florida L.), and water oak (Quercus nigra L.) 
occurring frequently. Smaller amounts of ironwood (Carpinus caroliniana 
L.), eastern hophornbeam (Ostrya virginiana (Mill.) K. Koch), winged elm 
(Ulmus alata Mich.), blackgum (Nyssa sylvatica L.), and American beech 
(Fagus grandifolia Ehrh.) were found in the stream bottoms.
The predominant understory species were sweetleaf (Symplocos 
tinctoria L.), blackberry (Rubus spp.), partridge berry (Mitchella 
repens L.), and yellow jessamine (Gelsemium sempervirens (L.) Ait. F.).
The pine timber was classified as an over-mature stand, ranging in 
age from 55 to 65 years. The trees were beginning to exhibit signs of 
red heart due to age. Basal area of pine trees on the study site ranged
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Figure X. Location of Idlewild Experiment Station within East Feliciana Parish, Louisiana.
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from a low of 11.249 m /ha to a high of 21.694 m /ha. Basal area per
3
plot is given in Table 1. Volume per ha averaged around 69.9 m . Site 
index on the study site is considered to be high, averaging around 100.
The major soil series present on the study site is Providence silt 
loam (Typic Fragiudalf) with 0 to 8 percent slopes. The Providence soil 
is found in the upland pine sites occupying the ridge tops. Another 
soil type found in the uplands but not as extensive as the Providence is 
Lexington silt loam (Typic Paleudult), with 1 to 20 percent slopes.
Small areas of Ruston fine sandy loam (Typic Paleudult) with 8 to 20 
percent slopes were found on the study area. Detailed soil descriptions 
can be found in Appendix A.
Lee Memorial Forest. —  Lee Memorial Forest is located near 
Sheridan, Louisiana, 20.92 km west of Bogulusa, in Washington Parish 
(Figure 2). Lee Memorial Forest contains 404.69 ha. The area will 
often be referred to as the School Forest throughout this paper.
This land was donated to Louisiana State University by the Great 
Southern Lumber Company in 1926. Once containing natural stands of 
longleaf pine (Pinus palustris' Mill.), the'forest was decimated by the 
cutting practices in the early 1900's. When received by the Univer­
sity, the land contained little if any commercial forest. However with 
time, the area seeded back in with loblolly pine and now contains a
fairly uniform stand. Scattered amounts of longleaf pine can still be
found mixed in with the loblolly pine.
Southern red oak and flowering dogwood were the predominant hard­
wood species mixed in the pine stand. Sweetgum, yellow poplar
(Liriodendron tulipifera L.), and sweetbay (Magnolia virginiana L.) were 
predominant in the stream bottoms. The predominant understory species
Table 1. Basal area and number of pine trees for plots on Idlewild Experiment Station and Lee Memorial
Forest before and after logging
Treatment 
and Plot Number
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Figure 2. Location of Lee Memorial Forest within Washington Parish, Louisiana.
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consisted of yaupon (Ilex vomitoria Ait.), little leaf gallberry (Ilex 
glabra (L.) Gray), and bluestem grasses (Andropogon spp.).
The pine timber on the study site was classified as a mature stand
averaging 40 years old. Basal area of pine trees ranged from a low of
2 2 . . .  13.85 o /ha to a high of 22.727 m /ha. Basal area per plot is given m
3
Table 1. Volume per ha averaged 48.8 m . Site index on the study site 
was classified as average, ranging around 90.
The major soil series on the study site is Ruston fine sandy loam 
(Typic Paleudult), with 1 to 20 percent slopes. The Johnston soil, an 
organic muck, is found in low, flat stream bottoms within the study 
site.
Establishment of Plots
Four reproduction methods -- clearcut, seed—tree, shelterwood, and 
selection —  were applied to the pine timber at each study site. Each 
method was replicated three times at both sites (Figure 3 and 4). How­
ever, due to an outbreak of the southern pine beetle (Dendroctonus 
frontalis) on the School Forest, the number of replications was reduced 
from three to two. Due to administrative error, only two replications 
of the four systems could be executed on Idlewild Experiment Station. 
This left a total of eight plots at each location. Each plot was 8 ha 
(10 chains x 20 chains) in size containing stands of mature pine timber. 
The total area involved in the study consisted of 64.75 ha at each loca­
tion. The reproduction methods were randomly assigned among plots.
On the clearcut plots, all stems of merchantable size were removed 
(Plate 1).


























Figure 4. Arrangement of experimental plots on Lee Memorial Forest.
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(Place 2). Seed trees were located along six compass lines running 
lengthwise through the plots. The first line was established 16.7 ra 
from the boundary line with the remaining lines spaced 33.5 m apart. A 
seed-tree was selected every 15.2 m on each line. Pine trees chosen for 
seed-trees were of good bole form, crown structure, and ability to pro­
duce an adequate seed crop. Each tree to be left was painted with a 
yellow band of tree-paint at breast height and spotted on two sides at 
the base.
The shelterwood plots were handled in a similar manner (Plate 3). 
Ten lines instead of six were established through the plots. The first 
line was established 10.0 m from the boundary with each additional line 
spaced 20.1 m apart. A tree was picked every 9.1 m. A desired level of 
54 trees per ha were left as a seed source.
As for the selection plots, the volume to be cut depended on the
basal area per ha (Plate 4). The goal of the initial cut was to reduce
2
the basal area by 22.9 m /ha. During this initial cut, those trees 
exhibiting over-dominance, crookedness, or cankers were chosen to be 
removed. Trees to be cut were spotted on two sides with blue tree-paint 
at breast height and at the base of the tree.
After the plots were laid out and tree marking completed, a pre­
scribed burn was conducted in the spring of 1977 at each location. This 
burn was initiated to remove the underbrush.
Logging
Logging on the Idlewild Experiment Station began in August 1977 and 
continued until the first of December of 1977. Trees were felled with 
conventional chainsaws. Delimbing and topping were done in the field.
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Plate 1. Clearcut plot (plot 1) on Idlewild Experiment Station after 
logging.





. Shelterwood plot (plot 9) on Idlewild Experiment Station after 
logging.
Selection plot (plot 6) on Idlewild Experiment Station after 
logging.
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Two different types of skidders were used, FMC track skidder, Model 200 
BG, (11793.4 kg) and Timberjack, Model 450, (8165.7 kg), a rubber-tired 
skidder.
Logging began on the School Forest in August 1977 and continued 
until the end of October 1977. Trees were felled by a Roanoke shear 
attached to the front of a 450 Case dozer (5896.7 kg). Two rubber-tired 
skidders, C-7 Tree Farmer (13607.8 kg) and 800-Case (7847.1 kg), were 
used to skid tree-length logs up to the loading decks. Logs on the 
decks were stacked with a HD-6 Allis-Chalmers dozer (5715.3 kg).
Site Preparation
Following the logging operations, initial plans for site prepara­
tion of clearcut plots were conducted. On Idlewild Experiment Station, 
two Komatsu dozers (Plate 5) (49895.1 kg each) pulling rolling drum 
choppers (4535.9 kg each) were used to prepare the sites for planting. 
Each chopper, 3.6 m wide, was outfitted with 30,4 cm knives running the 
outside length of the drum (Plate 6). The same type of drum chopper was 
used at the School Forest except that two Clark Ranger Skidders, Model 
660, (30390,6 kg) were used to pull the choppers.
Chopping on the Experiment Station took place at the end of 
November 1977. However, problems were encountered on the Experiment 
Station due to excessively rainy weather, and the ground could not sup­
port the combined weight of both dozer and chopper (54431.0 kg). So the 
choppers were left off and standing timber was knocked down by the 
dozers. Because of the wet weather, the sites had to be left unburned. 
The plots were rechopped in November 1978. However these plots were not 




Komatsu dozer used for site preparation of clearcut plots on 
Idlewild Experiment Station.
Rolling drum chopper used for site preparation of clearcut 
plots on Idlewild Experiment Station and Lee Forest.
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chopping and planting.
Chopping of the clearcut plots on the School Forest took place 
during October 1977. The plots were then burned.
Following the site preparation, the clearcut plots on the School 
Forest were hand planted to loblolly pine in March 1978. Planting took 
place during January 1979 on the Experiment Station. Seedlings were 
planted on a 2.4 x 2.4 m spacing, thus taking 1680 seedlings per ha.
Soil Erosion
Two methods were used to determine if accelerated soil erosion did 
occur after the logging operations. First, to determine if soil that 
eroded at the top of the slope was carried by water to the bottom of 
the slope, permanent measuring stakes were established at the top (A), 
middle (B), and bottom (C) of six randomly chosen slopes within each 
8-ha plot. This gave a total of 18 measuring points per plot. These 
stakes were established parallel with the contour of the slope.
Stakes were made out of 1 x 2-inch pine lumber. Two stakes, 91.4 
cm long, were driven 22.8 cm into the ground 198.1 cm apart. Across the 
top of the two stakes, a 2.13-m stake was attached parallel to the 
ground (Plate 7). Across the top of this stake, 10 equally spaced meas­
uring points were marked off. When any of these stakes exhibited signs 
of warping, they were replaced.
To determine whether the ground level beneath the stakes was in­
creasing or decreasing, measurements were taken from the top of the 
2.1-ra stake to the ground level at each of the 10 measuring points.
Even if the measurements fell on top of a limb or other debris, that is 
where they were taken. The measurements were recorded in 0.15-cm
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Plate 7. Horizontal stake used for measuring soil movement on slopes.
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increments. Once the 10 measurements were taken, an average of the 10 
was calculated. The change in soil elevation at each of the six sam­
pling points for each position was then averaged together. This average 
measurement was compared with the average of the previous measuring 
period to determine whether soil was accumulating or exiting beneath the 
stakes (Tables 17 and 18, Appendix B). A plus in these tables indicates 
an increase in the soil elevation beneath the measurement stakes while a 
minus indicates a loss. Measurements along these stakes were taken 
every two weeks providing that 1.27 cm or greater rainfall fell during 
that period. Rainfall was measured at each location with standard 
rain gauges. Measurements were taken from January 1978 to September 
1978.
The direction and degree of each slope and distance between stakes 
were recorded (Tables 19 and 20, Appendix C). A visual estimate was 
made of the percent of protective ground litter under each measuring 
stake (Tables 21 and 22, Appendix D).
The second method utilized was the establishment of sediment traps 
to check the amount of off-the-plot erosion. Within each 8-ha plot, 
a small drainage leading off the plot was chosen for the establishment 
of a trap. Drainages with minimum disturbance from logging roads and 
skid trails were chosen since it has already been proven that roads and 
skid trails accelerate erosion. Where the drainage left the plot, a 
sediment trap was established (Plate 8), To determine the acreage of 
individual drainages, the dot-grid system and aerial photos were used. 
The size of each individual watershed is given in Table 2.
The sediment traps were constructed out of 1 x 4-inch pine lumber. 
Traps were constructed high enough to allow runoff to slow down and
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Plate 8. Sediment trap for catching sediment leaving watershed.








Clearcut (1) 5.0 (2) 3.0
Clearcut (11) 6.6 (5) 3.5
Seed-tree (4) . 6.5 (7) 3.0
Seed-tree (7) 3.5 (8) 5.3
Shelterwood (2) 4.0 (6) 2.5
Shelterwood (9) 4.0 • (11) 2.0
Selection (3) 2.7 (4) 2.5
Selection (6) 2.0 (12) 3.2
Average 4 3 3.1
56
overflow the traps. This method proved to be adequate except in time of 
heavy thunderstorms. The runoff was slowed enough that the heavier silt 
and sand particles were deposited. Fine clay particles that still re­
mained in suspension were carried away in the overflow. The heavier 
sand and silt particles are the ones that cause the problems with silta- 
tion while the fine clay particles cause problems with increased turbid­
ity in streams.
Behind the traps, the ground was covered with a sheet of visqueen 
plastic allowing for the collecting of deposited silt. The amount of 
ground covered with plastic depended on how the sediment trap was built. 
Silt was collected from the plastic at the end of each month, air dried, 
and weighed.
Soil Chemistry
Composite soil samples were collected at a depth of 0-15 cm and 
15-30 cm from each 8-ha plot for chemical analyses. Samples were col­
lected four times during the study: (1) before the prescribed burn,
(2) after the burn but before harvesting started, (3) six months after 
harvesting ended, and (4) one year after harvesting ended. Samples were 
submitted to the Department of Agronomy, Soil Testing Lab, for appropri­
ate chemical analyses of Ca, P, K, Mg, and percent organic matter 
content as well as pH.
Ground Cover
The amount of ground cover present after a logging operation plays 
a significant role in the amount of erosion that may occur. To obtain 
an estimate of the amount of protective litter on the- ground after
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logging, litter samples were collected at each of the milacre plots used 
in the vegetation sampling. Samples (30.4 x 30.4 cm) of ground litter 
were collected, oven dried, and weighed. These figures were expanded to 
obtain a per-ha weight. As stated, these figures are only estimates 
since the heavier debris, such as limbs, tree tops, and unsalvaged 
stems, were not taken into account, However, the figures do give a good 
indication of the amount of ground litter occupying the site.
Vegetation
Understory vegetation was sampled in circular milacre plots. Mil­
acre plots (1.13 m radius) were established at intervals of 3 chains 
(60.3 m) on a continuous line transecting through the inner 4.0 ha of 
each 8-ha plot. All plant taxa, 1.8 m  or less in height, that fell 
within the milacre plots were identified and tallied. Most plants were 
identified to species but some could be identified only to genus. Table 
23 (Appendix E) contains both common names and scientific names of the 
plant taxa identified in the study, while only the common names are used 
in Tables 24 to 31 in Appendix F.
Once the plant taxa were identified and tallied, a visual estimate 
of the percent ground cover was made for each taxon. In estimating per­
cent ground cover, the median of each 10 percent bracket of cover was 
used, i.e. 5 percent for 1 percent to 10 percent, 15 percent for 11 per­
cent to 20 percent, etc. (Noble and Murphy 1974). Plants that could not 
be identified were classified as unknowns. Vegetation was sampled once 
every three months for a year before and after logging.
The average cover percentage of a given plant taxon was calculated 
by dividing the total of all cover estimates for each plant taxon by the
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total number of milacre plots. The average cover for each plant taxon 
was divided by the total of all average covers for all plant taxa to
determine what percent each plant taxon made up of the total plant
cover. The frequency for each plant taxon was calculated by dividing 
the number of plots in which the taxon occurred by the total number of
plots. These data are presented in Tables 24 to 31 in Appendix F.
Analyses of Data
In the statistical analyses, soil erosion data from Idlewild 
Experiment Station and Lee Memorial Forest were analyzed separately.
Before the statistical analyses could be applied, the data had to 
be put into a workable form. On each plot, six different slopes with 
three different slope positions —  top, middle, and bottom —  on each 
slope were sampled. There were a total of 17 sampling periods to meas­
ure soil movement on these slopes. For each sampling period, the 
changes in soil elevation at each of the six slopes on each slope posi­
tion (A, B, C) were averaged together. These averages were then sub­
tracted from the averages of the previous sampling period. Since there 
were a total of 17 sampling periods, the subtraction of each period from 
the previous gave a total of 16 data periods.
Each of the 16 data periods (D1-D16) was analyzed separately so 
that if a significant difference occurred, the time of occurrence could 
be determined. A randomized design was used in the analysis of the 
data. An AITOVA test was run on each sampling period to determine if a 
significant difference occurred among treatments (trt), replications 
within treatments (rep/trt), positions (pos), slopes within replications 
within treatments (slp/rep/trt), or the interaction among treatments and
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positions (trt x pos). The model used in the analysis of the data is in 
Table 32 (Appendix G).
A Duncan's Multiple-Range Test was then applied to those data per­
iods having a significant difference among treatments. The purpose of 
the test was to determine where the significant difference occurred.
No statistical analysis was run on the soil trap data due to only 
2 of the 16 traps.having any measurable amounts of sediment.
Although soil samples were collected several times during the study 
for soil analysis, only those sampling periods representing the effects 
of harvesting operations, 1 and 4, were used on the statistical analy­
ses. Soil samples collected during sampling periods 2 and 3 were ex­
cluded due to the influence of the prescribed burn.
An ANOVA test was run on P, K, Ca, Mg, percent organic matter, and 
pH at the 0-1J cm and 15-30 cm depth, at-both locations. The tests were 
run to determine if- a significant difference occurred among treatments 
(trt), between replications within treatments (rep(trt)), before and 
after harvesting (BA), and among treatments before and after harvesting 
(trt(BA)).
The plant data for each location was analyzed separately. Data was 
analyzed to determine percent cover, percent of total understory vegeta­
tion made up by each species, and frequency of occurrence for each 
species for the preharvesting and postharvesting sampling periods. Data 
was analyzed for each of the four sampling periods —  March, June, 
September, December —  during the year.
An IBM-370 computer was used to analyze the data.
RESULTS AND DISCUSSION
Soil Movement Along Slopes
Significant differences in soil movement among treatments were 
found only in the data from Idlewild Experiment Station. No differences 
were found in the data from Lee Memorial Forest.
Results of the statistical analysis for soil movement on slopes 
within each plot indicated significant differences among treatments for 
only three out of the 16 data periods (Table 3). The three periods when 
significant differences among treatments were found were: D8 (May 20);
D9 (June 3); and D16 (September 9). The changes (cm) in soil elevation 
at each slope position for each treatment during these three periods 
were as follows:
D8 D9 D16
Treatment A B C A B C A B C
Clearcut 0.14 -0.01 0.25 0.00 -0.05 -0.01 0.01 -0.01 -0.10
Seed-tree -0.04 0.06 0.06 0.16 0.01 -0.01 -0.21 -0.28 -0.57
Shelterwood 0.12 -0.07 0.02 0.06 0.01 -0.06 -0.12 -0.05 -0.12
Selection -0.14 -0.13 -0.40 0.13 0.19 0.07 -0.01 0.07 -0.01
The values underlined indicate that the treatment or treatments 
were different from the other treatments. A Duncan's Multiple-Range
Table 3. Analyses of variance of soil movement for three different data periods on plots on Idlewild
Experiment Station
D8 (May 20) D16 (September 9)
1
Source DP AUOVA SS F VALUE P R > F Source DF ANOVA SS F VALUE PR> F
Trt 3 3.60636 3.46 0.019* Trt 3 2.94459 6.29 0.001**
Rep/Trt 4 0.39942 0.29 0.885 Rep/Trt 4 0.64825 1.04 0.392
Slp/Rep/Trt 40 11.2796 0.81 0.767 Slp/Rep/Trt 40 2.95787 0.47 0.995
Pos 2 0.43181 0.62 0.539 Pos 2 0.51098 1.64 0.200
Trt x Pos 6 1.54159 0.74 0.619 Trt x Pos 6 0.52807 0.56 0.757
Error 88 60.3487 Error 88 13.7332
D9 (June 3)
Source DF AN0VA SS F VALUE PR > F
Trt 3 0.51413 3.19 0.027*
Rep/Trt 4 0.08185 0.39 0.815
Slp/Rep/Trt 40 1.57681 0.73 0.860
Pos 2 0.23166 2.16 0.121
Trt x Pos 6 0.22279 0.69 0.657
Error 88 4.72512
1
Trt = Treatments; *Significant at the 0.05 level of probability;
Rep/Trt = Replications within treatments; **Signifleant at the 0.01 level of probability.
Slp/Rep/Trt = Slopes within replications within treatments;
Pos = Positions;
Trt x Pos = Treatment by position interaction.
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Test was used to test which treatments were different.
The graph in Figure 5 (Appendix H) shows the changes in soil eleva­
tion for treatment plots at Idlewild Experiment Station. The graph in 
Figure 6 (Appendix H) presents the changes in the treatment plots at Lee 
Memorial Forest. Data used to plot these changes in soil elevation 
within treatments was derived by averaging the changes in soil elevation 
for each of the positions for both plots within each treatment. This 
procedure was carried out for each of the 16 data periods. The graphs 
in Figures 5 and 6 show that there was considerable variation in soil 
elevation.
On D8 the clearcut and selection treatments were about equal in 
response to changes in soil elevation. However, the clearcut treatment 
had an average increase of 0.22 cm in soil elevation while the selection 
treatment had an average decrease of 0.23 cm (Figure 5, Appendix H).
The seed-tree and shelterwood treatments both had an average increase of 
0.03 cm in soil elevation. During D9 the selection treatment had the 
biggest change in soil elevation, an average increase of 0.13 cm com­
pared to 0.05 cm for the seed-tree and 0.01 cm for the shelterwood 
treatments (Figure 5, Appendix H). The clearcut treatment had a de­
crease of 0.03 cm. On D16 the seed-tree had the biggest change in soil 
elevation, a decrease of 0.35 cm compared to decreases of 0.10 for the 
shelterwood and 0.03 cm for the clearcut treatments (Figure 5, Appendix 
H). The selection treatment had an increase of 0.01 cm.
It should be kept in mind that due to the way this part of the 
study was conducted, the values presented in Tables 17 and 18 (Appendix 
B) and used to plot the graphs in Figure 5 and 6 (Appendix H) are very 
small fractions of a centimeter. The main objective of this part of the
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study was to determine if a significant difference in the amount of soil 
erosion occurred following the application of the four regeneration 
systems. Results of the study indicated that some soil movement or 
erosion (-) and deposition (+) down the slopes did occcur but the 
results do not show a clear pattern. The data are so variable and the 
changes so small that probably no appreciable amount of erosion occurred. 
In some instances erosion occurred on the upper and middle positions 
while depositions occurred at the lower positions while the reverse 
would occur just as often.
A decrease at the lower slope position would indicate that there 
was a potential problem of sediment entering the stream in runoff leav­
ing the watershed. However, if a deposition occurred, it would indicate 
the sediment was remaining on the plot.
One factor that influences soil erosion that must be considered is 
rainfall intensity and duration. Results of other experiments conducted 
on logging and soil erosion have shown that an intense rainfall over a 
period of time will cause more erosion than a moderate rainfall over the 
same period of time (Douglas 1975). Information pertaining to rainfall 
intensity and duration was not available at either of the study sites; 
only total rainfall was recorded.
According to the data in Table 4, it appears that rainfall may have 
been a factor contributing to soil erosion during only two of the three 
periods —  D8 (May 20), 16.56 cm and D16 (September 9), 14.10 cm.
However, it is difficult to say that total rainfall was a major factor 
without knowing whether the rainstorms were of short duration and high 
intensity during the two weeks before measurement.
Percent slope is another factor that must be considered when
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Table 4. Bi-weekly rainfall measurements for Idlewild Experiment







1-28-78 10.62 1-14-78 3.76
2-11-78 5.94 1-28-78 4.49
2-25-78 . 1.35 2-11-78 11.58
3-11-78 3.12 2-25-78 1.24
3-25-78 5.94 3-11-78 6.78
4-08-78 0.18 3-25-78 2.94
4-22-78 5.46 4-08-78 0.00
5-06-78 3.45 4-22-78 12.85
5-20-78 16.56 5-06-78 6.68
6-03-78 3.66 5-20-78 5.00
6-17-78 4.42 6-03-78 0.00
7-01-78 1.52 6-17-78 12.01
7-15-78 1.60 7-01-78 5.86
7-29-78 4.32 7-15-78 5.71
8-12-78 1.14 7-29-78 7.31
8-26-78 7.19 8-12-78 10.61
9-09-78 14.10 8-26-78 2.46
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discussing soil erosion. However in this study, slope was not a factor. 
In only one data period, D16 (August 26), on Lee Forest was a signifi­
cant difference among slopes detected (Table 5).
The availability of a good ground cover to protect the soil from 
the destructive forces of rainfall is another factor that must be taken 
into account. According to the data in Table 6, the percent of ground 
covered by litter was greatest on the selection treatment followed by 
the seed-tree, shelterwood, and clearcut treatments on Idlewild Experi­
ment Station. On Lee Forest, the selection treatment was followed by 
the shelterwood, seed-tree, and clearcut treatments.
A good vegetation cover in addition to the litter cover is essen­
tial to reduce the potential increase in soil erosion following a 
logging operation. Once a logging operation is finished, there is usu­
ally a heavy influx of vegetative growth on the site. This vegetative 
growth will be lacking temporarily on sites logged during winter, but as 
the growing season begins, vegetation will start to invade. It is 
essential to obtain some type of ground cover as soon as possible 
because the greatest potential for increased soil erosion after a log­
ging operation is the first few months after its termination.
According to the data in Tables 24 and 25 (Appendix F) for Idlewild 
Experiment Station, the selection plots had the highest percent of total 
understory vegetation present in March and June following the termina­
tion of logging (50 to 100 percent, respectively). Values for the other 
treatments during these periods were as follows: clearcut 42 and 94
percent; seed-tree 49 and 95 percent; shelterwood 42 and 80 percent.
When the vegetation was sampled in September, the clearcut plots had the 
greatest amount of vegetation cover, 149 percent. As can be seen in
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Table 5. Analysis of variance of soil movement for data period D16 
(September 9) on plots on Lee Memorial Forest
1
Source DF ANOVA SS F VALUE PR> F
Trt 3 1.04022 2.03 0.113
Rep/Trt 4 0.97903 1.44 0.229
Slp/Rep/Trt 40 13.3014 1.95 0.004**
Pos 2 0.17931 0.53 0.593




Rep/Trt = Replications within treatments;
Slp/Rep/Trt = Slopes within replications within treatments; 
Pos = Positions;
Trt x Pos = Treatment by position interaction.
**Significant at the 0.01 level of probability.
Table 6. Estimated weight of litter and percent of ground covered by litter on plots on Idlewild
Experiment Station and Lee Memorial Forest after logging
Treatment and Idlewild Experiment Station Lee Memorial Forest
Plot Number Weight of 
Litter
Ground Covered by 
Litter
Plot Number Weight of 
Litter
Ground Covered by 
Litter
Tons/hectare Percent Average Tons/hectare Percent Average
Clearcut
Plot 1 15.1 54.1 * Plot 2 11.8 37.8
Plot 11 13.0 21.1
37.6
Plot 5 12.1 36.7 37,3
Seed-tree
Plot 4 12.5 82.5
83.4
Plot 7 16.1 57.3
Plot 7 13.6 84.3 Plot 8 11.8 62.6 59,9
Shelterwood
Plot 2 17.2 74.0
72.5
Plot 6 14.3 69.2
Plot 9 16.3 71.1 Plot 11 16.8 72.1 70,6
Selection
Plot 3 15.2 88.8
88.9
Plot 4 12.7 88.0
Plot 6 11.8 89.0 Plot 12 13.4 86.9 87,4
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Plate 9, by the end of the 9th month (September) following the end of 
logging, the sites contained a heavy growth of seeds, vines and other 
vegetation. The vegetative cover on the other plots ranged from 109 
percent on the seed-tree plots to 88 percent on the shelterwood and 74 
percent on the selection plots (Table 26, Appendix F).
Once an area has been clearcut and site prepared, it is normally 
expected that the site will be subjected to a higher erosional rate than 
after other types of harvesting operations. One factor that helped to 
keep the erosional rate to a minimum on the clearcut plots at both loca­
tions was the way they were site prepared. Chopping on both sites was 
done perpendicular to the slopes when possible. Even though these areas 
contained less ground cover, the small ridges created by chopping pro­
vided an adequate barrier to slow down the velocity of runoff from the 
slopes. These ridges also helped to conserve soil moisture on these 
sites by trapping water behind them, allowing more time for the water to 
soak into the ground instead of running off.
Results of Soil Traps
Because only two out of the 16 treatment plots had any measurable 
amount of sediment collected from them, no statistical analysis was run. 
Only plot 1 at Idlewild Experiment Station and Plot 5 at Lee Memorial 
Forest, both clearcut plots (Table 7), had measurable amounts of 
sediment.
A logging road and loading deck were the major reason for the large 
amount of sediment collected from plot 1 at Idlewild Experiment Station. 
As stated in the procedure, when these small watersheds were selected, 
those having a minimum amount of disturbance from logging roads and skid
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Plate 9. Heavy vegetation cover on a clearcut plot nine months (Sep­
tember 1978) after logging was completed on Idlewild Experi­
ment Station.
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Table 7-. Amount of sediment collected in soil traps on an individual




Jan.-Feb. Mar.-•Apr. May-June July-Aug.
Kilograms - - - -
Idlewild Experiment Station
Clearcut (1) 269.2 212.,1 238.0 218.9
Clearcut (11) 0 0 0 0
Seed-tree (4) T* T T T
Seed-tree (7) 0 0 0 0
Shelterwood (2) T T T T
Shelterwood (9) T T T T
Selection (3) 0 0 0 0
Selection (6) 0 0 0 0
Lee Memorial Forest
Clearcut (2) T T T T
Clearcut (5) 7.1 6.7 4.7 2.6
Seed-tree (7) T T T T
Seed-tree
00 0 0 0 0
Shelterwood (6) 0 0 0 0
Shelterwood (11) 0 0 0 0
Selection (4) 0 0 0 0
Selection (12) T T T T
T* = Trace amounts.
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trails were selected. However, in the case of plot 1, this could not be 
avoided. The results of this sediment trap are biased if compared to 
the other traps. Numerous other studies have proven that logging roads 
are the number one source of erosion occurring from a logging site 
(Sommer 1973 and Megahan 1972, for example).
Due to the heavy weight of logs, skidders, and logging trucks com­
pacting the loading deck and logging road on plot 1, vegetation was very 
slow to re-cover these areas (Plate 10). Even a full year after logging 
was completed on this plot, vegetation was still sparse on these sites. 
When a heavy rainfall occurred, all the runoff leaving this small water­
shed was funneled down the old remains of the logging road. Since there 
was a lack of protective cover, the erosive power of the runoff was 
sufficient enough to start cutting a channel (Plate 11).
This problem could have been avoided if either of two measures had 
been taken by the logging contractor. The first would have been to have 
properly placed the loading deck and logging road on the plot. There 
were other sites that would have been adequate for the purpose without 
creating an erosional problem. As mentioned earlier in the literature, 
a major reason that erosion occurs on logging roads following a logging 
operation is poor planning.
The other way this problem could have been avoided was to have 
properly prepared the sites before leaving them. The area was not as 
commonly called "put to bed or rest." No water-bars were constructed 
at all across the loading deck or logging road. Even if some brush or 
logging slash had been placed across these sites, they would have been 
better off than just leaving them wide open.
The sediment collected from plot 5 at Lee Memorial Forest was due
72
Plate 10. Loading deck and logging road lacking vegetative cover due 
to heavy compaction of soil on clearcut plot (plot 1) on 
Idlewild Experiment Station.
Plate 11. Channel forming in old logging road due to improper placement 
and lack of protective measures after logging was finished on 
Idlewild Experiment Station.
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to erosion following the termination of logging. Even though site pre­
paration of the plot consisted of chopping parallel to the slopes, a 
small amount of erosion still occurred. It should also be restated that 
plot 5 at Lee Forest was burned after the site preparation, whereas plot 
1 at Idlewild Experiment Station was not.
Results of Analyses of Soil Chemistry
Results of the analyses on the soil samples from the 0-15 cm and 
15-30 cm depths at Idlewild Experiment Station are contained in Tables 
8 and 9 while Tables 10 and 11 contain results from Lee Memorial 
Forest.
Effects of Prescribed Burn. Although no statistical analyses were 
run on the effects of the prescribed burn, the results of the burn are 
worth mentioning. The burn resulted in a temporary increase in the K, 
Ca, and Mg levels as well as pH. The increase was short-lived and the 
elements returned to preburn levels with the passage of time. The 
effects of the burn varied among plots at each location as well as be­
tween locations (Tables 8-11, A vs B).
The K level increased at the 0-15 cm depth on five out of the eight 
plots at Idlewild Experiment Station while it increased on all eight 
plots at Lee Forest. Calcium increased on all plots at both locations, 
except plot 1 on Idlewild Experiment Station. Magnesium followed the 
same trend as K, increasing on four out of the eight plots at Idlewild 
Experiment Station and on all eight plots at Lee Forest.
There was considerable variation between locations at the 15-30 cm 
depth. Potassium increased on five out of the eight plots at Idlewild 
but decreased on all but one plot at Lee Forest. Calcium increased on
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B 14 42 320 59 2.12 5.3 B 12 49 240 60 1.78 5..1
C 10 50 196 76 1.76 5.1 C 5 47 113 54 2.31 4.8
D 5 57 214 73 1.78 5.1 D 5 46 119 49 2.02 4.9
CC (U) 
A 5 55 370 95 2.17 5.0
SW (9) 
A 5 42 320 58 2.02 5.1
B 5 73 560 124 2.45 5.4 B 5 52 410 71 2.12 5.5
C 5 44 288 76 1.44 5.0 C 5 37 176 42 2.02 5.0
D 5 46 243 74 1.64 5.0 D 5 37 168 46 1.92 4.9
ST (4) 
A 29 60 320 86 2.35 5.1
S (3) 
A 5 53 270 59 2.17 4.8
B 1.4 62 430 90 2.31 5.5 B 14 57 290 64 2.21 5.2
C 5 51 217 73 1.92 4.9 C 5 48 205 67 2.64 4.8
D 5 60 237 79 2.40 5.0 D 5 66 191 68 2.50 4.7
ST (7) 
A 5 73 450 107 2.45 5.1
S (6) 
A 5 50 290 63 2.78 4.8
B 5 55 480 86 1.88 5.7 B 5 44 320 58 2.21 5.3
C 5 57 312 106 1.30 5.0 C 5 32 121 40 2.31 4.7
D 5 47 305 86 1.54 5.0 D 5 34 110 38 1.15 4.7
CC = Clearcut;
ST = Seed-tree; 
SW = Shelterwood; 
S = Selection.
*A Soil sample taken before the prescribed burn;
B Soil sample taken after the burn but before harvesting started; 
C Soil sample taken six-months after the harvesting ended;
D Soil, sample taken twelve-months after harvesting ended.
Table 9. Soil analysis at the 15-30 cm depth on Idlewild Experiment Station
Treatment, 
Plot Number, 
















Ppm - - - Percent
CC (1)
*A 5 38 320 87 0.80 4.8
B 5 55 270 159 0.63 5.1
C 5 46 175 123 0.58 4.8
D 5 65 158 158 0.67 4.9
CC (11)
A 5 27 200 94 0.65 4-7
B 5 25 170 76 0.58 5.2
C 5 27 118 62 0.48 4.7
D 5 33 106 84 0.43 4.7
ST (4) 
A 5 35 160 96 0.68 4.8
B 5 49 190 131 0.77 5.3
C 5 49 106 145 0.58 4.7
D 5 57 136 148 0.67 4.7
ST (7)
A 5 41 320 105 0.85 4.9
B 5 41 240 107 0.39 5.4
C 5 59 314 153 0.77 5.0
I) 5 55 213 118 0.48 4.9
- - - Ppm - - - Percent
SW (2)
A 5 39 160 91 0.70 4.7
B 10 47 240 147 0.58 5.1
C 5 53 115 147 0.63 4.6
D 5 43 83 102 0.67 4.7
SW (9)
A 5 32 210 77 0.70 4.8
B 5 31 180 96 0.58 5.2
C 5 29 86 76 0.53 4.5
D 5 38 89 105 0.48 4.7
S (3)
A 5 48 170 129 0.75 4.7
B 10 50 240 151 0.53 5.1
C 5 54 105 131 0.96 4.7
D 5 53 159 140 0.77 4.6
S (6)
A 5 42 230 150 0.70 4.6
B 5 43 260 148 0.48 5.1
C 5 45 137 147 0.58 4.8
D 5 48 124 159 0.58 4.6
CC = Clearcut; *A Soil sample taken before the prescribed burn;
ST = Seed-tree; B Soil sample taken after the burn but before harvesting started;
SW = Shelterwood; C Soil sample taken six-months after the harvesting ended;
S = Selection. D Soil sample taken twelve-months after harvesting ended.
Table 10. Soil analysis at the 0-15 cm depth on Lee Memorial Forest
Treatment, 
Plot Number, 















P K Ca Mg P K Ca Mg
- - - Ppm - -- - Percent --- - Ppm - -- - Percent
lCC (2) SW (6)
*A 5 30 240 24 1.88 5.1 A 5 21 140 16 2.07 4.7
B 5 31 250 33 1.64 5.5 B 5 25 180 23 2.26 5.3
C 18 22 96 20 1.49 5.0 C 5 20 69 26 1.01 4.7
D 5 26 104 22 1.78 4.9 D 5 22 106 21 1.88 4.8
CC (5) SW (11)
A 7 25 210 21 1.92 5.0 A 5 19 130 17 1.42 4.9
B 5 30 440 41 1.06 5.4 B 5 24 200 25 1.78 5.2
C 5 25 271 33 1.54 5.1 C 5 32 130 21 1.35 4.8
n 5 26 148 48 1.54 5.1 D 5 39 126 43 0.58 4.8
ST (7) S (4)
A 7 18 210 23 1.90 5.1 A 5 17 140 14 1.98 4.8
B 5 26 290 26 1.30 5.7 B 5 27 270 33 1.88 5.5
C 5 20 105 20 1.90 4.7 C 5 28 115 28 1.78 4.6
D 5 29 117 19 2.12 4.8 D 5 29 115 30 1.91 4.6
ST (8) S (12)
A 5 25 110 19 3.48 4.6 A 5 23 210 28 1.18 5.0
B 5 27 240 32 2.12 5.4 B 5 27 240 36 1.78 5.4
C 5 28 110 16 1.83 4.7 C 5 33 163 30 1.92 4.9
D 5 28 75 16 0.87 4.9 D 5 37 169 29 1.73 5.0
CC = Clearcut;
ST = Seed-tree;
SW = Shelterwood; 
S = Selection.
*A Soil sample taken before the prescribed burn;
B Soil sample taken after the burn but before harvesting started; 
C Soil sample taken six-months after the harvesting ended;
D Soil sample taken twelve-months after harvesting ended.
Table 11. Soil analysis at the 15-30 cm depth on Lee Memorial Forest
Treatment, 
Plot Number, 
















- - - Ppm - - - Percent
CC (2)
*A 5 19 160 38 0.70 4.8
B 5 18 140 32 0.39 5.4
C 5 28 103 37 0.67 4.9
D 5 25 93 34 0.63 4.9
CC (5)
A 5 21 180 45 0.80 4.8
B 5 17 130 35 0.77 5.1
C 5 28 172 37 2.21 4.9
D 5 23 109 48 0.87 4.8
ST (7)
A 5 16 100 24 0.52 4.8
B 5 17 140 39 0.43 5.5
C 5 19 70 22 0.91 4.6
D 5 25 78 20 0.77 4.7
ST (8)
A 5 18 100 20 0.85 4.7
B 5 17 130 33 0.53 5.5
C 5 32 300 31 2.12 5.1
D 5 33 138 38 0.58 5.0
- - - Ppm - - - Percent
SW (6)
A 5 22 110 48 0.65 4.7
B 5 18 120 33 0.58 5.5
C 5 18 125 22 2.26 4.8
D 5 30 92 32 0.82 4.6
SW (11)
A 5 26 190 61 0.52 4.8
B 5 12 100 21 0.53 5.3
C 5 32 150 20 2.40 4.7
D 5 35 89 29 0.48 4.7
S (4)
A 5 17 170 28 0.62 4.8
B 5 15 100 25 0.67 4.8
C 5 33 124 56 0.43 4.7
D 5 30 85 40 0.72 4.6
S (12)
A 5 36 170 91 0.62 4.9
B 5 20 160 45 0.53 5.3
C 5 30 88 27 0.67 4.8
D 5 38 125 40 0.72 4.8
CC = Clearcut; *A Soil sample taken before the prescribed burn;
ST = Seed-tree; B Soil sample taken after the burn but before harvesting started;
SW ~  Shelterwood; C Soil sample taken six-months after the harvesting ended;
S = Selection. D Soil sample taken twelve-months after harvesting ended.
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half of the plots at Idlewild but decreased on five out of the eight 
plots at Lee Forest. Magnesium increased on six of the plots at 
Idlewood Experiment Station while it decreased on six plots at Lee 
Forest.
The percent organic matter at the 0-15 cm depth at both locations 
exhibited the same action, increasing on some plots while decreasing 
on others. The percent organic matter was unaffected at the 15-30 cm 
depth.
The pH at both locations followed the trend that normally would be 
expected. Following the prescribed burn, the pH increased at both the 
0-15 cm and 15-30 cm depth. With the passage of time, the pH as well as 
the K, Ca, and Mg levels returned to preburn levels.
Although both study areas were burned, the fire moved fast and some
plots were not totally burned. The erratic behavior of some of the
elements, especially the percent organic matter at the 0-15 cm depth 
following the burn, may be due to soil samples being collected from both 
burned and unburned areas on some plots, while on other plots samples 
were collected from just burned areas.
Increases in K, Ca, Mg, and pH following a prescribed burn have 
been documented in other studies. Knighton (1977) reported that K, Ca, 
and Mg as well as phosphate and NO^ + N C ^ N  had consistently higher 
concentrations on burned plots compared to unburned plots. Christensen 
(1976) and Wells and Jorgensen (no date) all reported similar findings. 
However, Curtis et al. (1977) and Moehring et al. (1966) reported that 
they found no differences in mineral levels following burning.
Comparison of Before and After Harvest Levels. In the statistical
analyses to determine the before and after effects of harvesting on soil
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chemistry, the eight values for each element before harvesting (A) were 
compared to the eight values after harvesting (D). No significant dif­
ferences in the P, Mg, percent organic matter, or pH levels at the 0-15 
cm or 15-30 cm depths were found at either location one year after the 
completion of the harvesting. However, the other chemical parameters 
were affected to some degree by the harvest cuttings.
The increases in the K content at the 15-30 cm depth following the 
harvest cuttings on Idlewild Experiment Station (Table 9, A vs D) were 
significant at the 0.05 level of probability (Table 12). The increases 
(Table 11, A vs D) were significant at the 0.01 level at Lee Memorial 
Forest (Table 12).
While no significant differences were detected at the 0-15 cm 
depths, the after-harvest effects on extractable K were different be­
tween the two locations. The K content decreased on four out of the 
eight plots at Idlewild Experiment Station (Table 8, A vs D) but in­
creased on seven out of the eight plots at Lee Forest (Table 10, A vs D).
Although the K content decreased at Idlewild Experiment Station but 
increased at Lee Forest, the changes were rather small. According to 
the data in Tables 8-11 (A vs D), the K content was higher at both 
depths at Idlewild Experiment Station prior to the harvesting operation. 
The decrease in K could have been due to increased uptake by the pro­
lific vegetation growth that followed the termination of the harvesting. 
This is covered in more detail later in the text. The leaching of K 
from the upper horizons and accumulating in the lower horizons could 
account for the higher K content at the lower depths on Lee Forest.
With an increase of K at the lower depths, there must be a source 
of K other than just the available K in the upper horizons. The
Table 12. Analysis of variance for extractable potassium at the 0-15 cm and 15-30 cm depths on Idlewild
Experiment Station and Lee Memorial Forest
Idlewild Experiment Station Lee Memorial Forest
1
Source DF AN0VA SS F VALUE P R > F
0-15 cm depth
Source DF AHOVA SS F VALUE P R > F
Trt 3 787.5000 4.23 0.098 Trt 3 9.250000 0.11 0.950
Trt(plt) 4 400.5000 1.61 0.327 Trt(pit) 4 120.5000 1.06 0.477
BA 1 289.0000 4.65 0.097 BA 1 210.2500 7.41 0.052
Trt(BA) 3 232.5000 1.25 0.403 Trt(BA) 3 120.2500 1.41 0.362




AUOVA SS F VALUE P R >  F
Trt 3 343.5000 3.21 0.144 Trt 3 192.2500 5.89 0.059
Trt(pit) 4 560.5000 3.93 0.106 Trt(pit) 4 227.5000 5.23 0.069
BA 1 552.2500 15.50 0.017* BA 1 256.0000 23.54 0.008**
Trt(BA) 3 123.2500 1.15 0.430 Trt(BA) 3 32.50000 1.00 0.480
Trt = Treatments; *Significant at the 0.05 level of probability;
Trt(pit) = Plots within treatments; **Signifleant at the 0.01 level of probability.
BA = Before and after harvesting;
Trt(BA) = Between treatments before and after harvesting.
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increased amounts of K may have come from two potential sources. A re­
duction in the overstory canopy could have increased the decomposition 
rate of the organic matter on the area. Thus, K tied up in the organic 
matter is made available to either enter or leave the soil-water cycle. 
Gosz et al. (1973) reported that since K is not a structural component 
of plant tissue, it is readily leached even before decomposition of 
the organic matter.
The other possible source of K was that the prescribed burn re­
leased K tied up in the organic matter which was subsequently leached 
from the sandy loam A horizon and accumulated in the B horizon with a 
higher clay content.
The reductions in the Ca content at the 0-15 cm and 15-30 cm depths 
on Idlewild Experiment Station (Tables 8 and 9, A vs D) were highly 
significant at the 0.01 level of probability (Table 13). The reductions 
at the 0-15 cm and 15-30 cm depths on Lee Forest (Tables 10 and 11, A 
vs 0) were significant only at the 0.05 level of probability.
There were two main factors that could account for the decrease in 
the Ca content at the 0-15 cm and 15-30 cm depths at both locations. 
Since Ca is a fairly mobile element within the soil profile, a consider­
able amount of Ca may have been lost to the increased leaching with the 
removal of the protective overstory.
The tremendous increase in the amount of vegetation growth with 
subsequent uptake of nutrients following the termination of the harvest­
ing also could account for a significant decrease in the Ca content.
The increase in plant growth could also have accounted for part of the 
decrease of K at the 0-15 cm depth at Idlewild Experiment Station. Nine 
months after the end of the harvesting (September 1978), all of the
Table 13. Analysis of variance for extractable calcium at the 0-15 cm and 15-30 cm depths on Idlewild
Experiment Station and Lee Memorial Forest
Idlewild Experiment Station Lee Memorial Forest
0-15 cm depth
Source^ DF AN0VA SS F VALUE P R > F Source DF AN0VA SS F VALUE P R > F
Trt 3 35202.50 8.19 0.035 Trt 3 7070.750 3.77 0.116
Trt(plt) 4 33354.50 5.82 0.058 Trt(plt) 4 8959.000 3.59 0.122
BA 1 141376.0 98.70 0.001** BA 1 11556.25 18.50 0.012*
Trt(BA) 3 5012.500 1.17 0.426 Trt(BA) 3 3790.750 2.02 0.253
15-30 cm depth
Source DF AN0VA SS F VALUE P R > F Source DF ANOVA SS F VALUE P R > F
Trt 3 17079.68 5.31 0.070 Trt 3 2912.687 1.28 0.394
Trt(plt) 4 30227.75 7.05 0.042 Trt(plt) 4 3106.250 1.03 0.490
BA 1 23639.06 22.05 0.009** BA 1 8602.562 11.37 0.028*
Trt(BA) 3 919.6875 0.29 0.834 Trt(BA) 3 3987.687 1.76 0.293
Trt = Treatments; ^Significant at the 0.05 level of probability;
Trt(plt) = Plots within treatments; **Significant at the 0.01 level of probability.
BA = Before and after harvesting;
Trt(BA) = Between treatments before and after harvesting.
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treatment plots had a heavy vegetative cover. The clearcut treatment 
on Idlewild Experiment Station had the most, 149 percent while it ranged 
from 109 percent on the seed-tree treatment, to 88 percent on the 
shelterwood and 74 percent on the selection treatment. Values for the 
same treatments on Lee Forest ranged from 86 percent on clearcut treat­
ment, 93 percent on the seed-tree treatment, 82 percent on the shelter­
wood treatment, to 47 percent on the selection treatment (Tables 26 
and 30, Appendix F).
Vegetation Analyses
In the analyses of the plant data, only the percent cover, percent 
of total understory cover present, and frequency for each species were 
calculated. Plant data was analyzed for the four sampling periods 
before and after harvesting: (1) March, (2) June, (3) September, and
(4) December. The data were analyzed separately for Idlewild Experiment 
Station and Lee Memorial Forest. The results for Idlewild Experiment 
Station are contained in Tables 24-27 (Appendix F) and in Tables 28-31 
(Appendix F) for Lee Forest.
In the following discussion, only the 14 species with the largest 
percentage of cover are included (Tables 14-15). The percent of total 
understory cover present as well as frequency for these species are 
presented in the tables in Appendix F. During the discussion the values 
for June and September are used most of the time because these values 
give a more representative value of the taxon during the growing season 
after the harvesting had ended.
Several species present before harvesting were not found after 
harvesting. Likewise, the number of species present after harvesting
Table 14. Changes in percent cover of the major vegetation species on treatment plots before (1976-77) and
after (1978) harvesting on Idlewild Experiment Station
Sampling Periods
Species , Treatment December  March  June September
Before After Before After Before After Before After
12/76 12/78 3/77 3/78 6/76 6/78 9/76 9/74
Yaupon Clearcut 4.7 2.6 6.2 1.8
Cover - - 
5,6 2.1 4.5 2.2
Seed-tree 5.8 2.1 7.4 1.6 5.9 1.6 4.5 2.2
Shelterwood 7.2 2.2 9.8 1.6 4.1 2.0 6.8 2.4
Selection 6.2 1.7 5.6 1.8 2.2 2.1 3.6 2.4
Blackberry spp. Clearcut 0.9 2.0 1.6 2.0 1.9 6.0 3.1 7.6
Seed-tree 2.1 3.0 2.4 3.6 6.6 9.9 4.3 12.0
Shelterwood 1.4 3.1 1.5 2.7 4.2 5.7 3.9 6.6
Selection 2.3 2.7 1.1 4.1 5.3 9.8 3.7 4.8
Oak spp. Clearcut 4.1 1.9 3.0 1.5 3.8 1.5 3.8 2.0
Seed-tree 3.9 2.1 1.8 2.2 5.7 3.0 7.8 4.7
Shelterwood 3.2 2.0 2.0 2.2 4.5 2.7 3.8 2.7
Selection 2.3 1.4 1.7 1.9 3.6 2.7 4.8 2.7
Yankee weed Clearcut ___ --- ___ ___ 4.1 ___ 28.4
Seed-tree --- --- --- -- -- 2.2 -- 2.2
Shelterwood --- -- -- --- ---- 2.7 --- 2.7
Selection --- --- --- --- 0.6 --- 0.8
French Clearcut _— 0.1 ___ . 0.7 4.6 2.7 3.5 3.3
mulberry Seed-tree --- 0.1 --- 0.5 6.3 4.4 7.0 3.3
Shelterwood -- 0.6 -- 0.7 2.8 1.9 3.9 2.2
Selection -- 0.1 -- 1.4 3.7 3.8 3.8 1.8
Table 14. (Continued)
_____________________________ Sampling Periods_____________________________
Species Treatment December  March  June September
Before After Before After Before After Before After
12/76 12/78 3/77 3/78______ 6/76 6/78________9/76 9/78
Flowering Clearcut 1.5 1.3 0.7 1.4
Cover - - 
8.2 1.7 8.1 2.1
dogwood Seed-tree 0.3 0.9 -- 1.7 4.4 1.8 2.6 2.1
Shelterwood 0.9 0.2 0.4 1.3 5.7 3.2 5.3 2.2
Selection 0.1 0.2 -- 0.1 0.8 1.0 0.3 0.1
Violet spp. Clearcut 0.5 1.0 1.3 2.7 2.3 2.1 1.3 2.4
Seed-tree 0.1 -- 0.4 1.1 0.9 0.4 0.6 0.3
Shelterwood --- 0.1 0.4 0.6 0.7 0.6 0.9 0.9
Selection -- 0.3 0.6 0.7 0.6 1.1 0.3 0.5
Yellow Clearcut 2.2 0.2 1.5 1.9 0.6 3.1 1.5
jessamine Seed-tree 2.7 2.1 1.4 0.7 3.1 1.2 3.3 2.7
Shelterwood 2.4 1.1 2.2 1.1 3.4 1.6 3.‘4 2.5
Selection 3.7 2.6 2.5 2.5 3.4 3.3 3.6 3.9
Partridge berry Clearcut 3.7 2.5 3.3 2.1 5.4 0.7 5.5 1.3
Seed-tree 3.8 3.0 1.3 1.6 4.9 1.5 3.8 2.2
Shelterwood 3.6 0.6 3.2 0.6 4.1 -- 5.7 0.1
Selection 3.7 2.6 1.4 0.7 3.4 0.7 4.6 0.7
Pine Clearcut 0.7 0.1 0.4 0.4 2.2 0.9 0.9 1.8
Seed-tree 3.1 0.3 2.7 1.5 3.4 2.7 3.6 3.0
Shelterwood 2.3 0.1 1.9 1.4 3.5 3.8 2.9 3.3
Selection 3.1 1.0 2.9 3.4 2.5 3.9 2.9 3.5
Table 14. (Continued)
Sampling Periods

















Sweetgum Clearcut 0.1 0.5 0.3
Cover —  
2.7 0.6 2.9 0.8
Seed-tree 0.3 1.0 --- 2.5 5.7 2.4 7.4 3.1
Shelterwood 0.2 --- -- 1.1 2.2 1.0 1.3 1.1
Selection — - 1.7 -— 1.8 5.2 3.2 5.0 3.3
Japanese Clearcut 0.5 0.3 0.8 0.8 1.0 0.3 0.5 1.1
honeysuckle Seed-tree 2.1 2.1 6.2 3.4 3.0 5.4 2.2 5.7
Shelterwood -- -- -- 0.1 --- -- --- 0.4
Selection 0.7 0.2 0.8 0.8 0.8 0.4 0.7 0.7
Southern Clearcut 0.3 0.1 0.1 0.1 0.3
bayberry Seed-tree 0.4 0.4 2.6 0.6 1.5 0.3 0.7 0.7
Shelterwood 1.0 0.6 1.2 0.4 1.5 0.5 1.2 0.1
Selection 1.5 0.8 1.6 0,9 1.5 0.9 1.3 1.8



























(4.0) (4.6) (6.0) (19.5)
^Panicum spp. which were recorded separately only during after-harvesting sampling 
Table 15. Changes in percent cover of the major vegetation species on treatment plots before (1976-77) and
after (1978) harvesting on Lee Memorial Forest
_____________________________ Sampling Periods_____________________________
Species Treatment December  March  June September
Before After Before After Before After Before After
12/76 12/78______ 3/77 3/78______ 6/76 6/78_______ 9/76 9/78
Yaupon Clearcut 2.8 1.5 4.4 1.0
Cover - - 
1.2 0.9 1.1 0.7
Seed-tree 1.3 1.0 2.2 0.7 0.9 0.9 1.6 1.6
Shelterwood 1.8 0.3 2.5 0.8 2.2 0.7 0.8 0.7
Selection 1.4 1.4 1.9 1.4 2.6 1.6 0.9 1.8'
Blackberry spp. Clearcut 1.1 2.0 0.7 2.1 2.8 3.3 1.4 4.3
Seed-tree 1.1 2.7 0.7 2.7 6.1 4.7 2.7 8.7
Shelterwood 2.5 1.7 0.8 1.8 4.3 2.7 3.2 6.4
Selection 1.8 2.9 1.1 3.5 3.6 3.3 2.2 3.1
Oak spp. C3 aarcut 0.2 0.3 0.2 0.4 2.2 1.1 1.2 0.9
Seed-tree 0.1 0.9 0.1 0.7 1.5 1.4 1.5 1.4
Shelterwood 1.0 0.5 0.5 1.0 3.4 1.0 1.9 0.8
Selection 0.3 0.3 1.1 2.1 1.2 1.1 1.2
Yankee weed Clearcut --- ____ — p.— ___ 0.1 . 8.5
Seed-tree --- -— --- 0.7 --- 1.3 -------- 1.7
Shelterwood -------- -------- -------- 0.8 --- 1.7 --- 1.5
Selection --- --- --- --- --- 0.3 --- ---
French Clearcut ____ 0.2 ____ 0.5 1.3 0.9 1.4 1.1
mulberry Seed-tree --- --- --- 0.3 0.5 0.7 0.3 1.6
Shelterwood -- -- -- 1.2 1.2 1.3 1.5
Selection -- . . — -- 0.3 2.3 0.3 0.5 0.7
Table 15. (Continued)
_____________________________ Sampling Periods_____________________________
Species Treatment December  March  June September
Before After Before After Before After Before After
12/76 12/78______ 3/77 3/78______ 6/76 6/78________9/76 9/78
Flowering Clearcut 0.9 0.1 0.2
Cover - - 
4.0 0.8 0.6 0.7
dogwood Seed-tree 1.0 0.7 -- 0.5 0.7 1.3 0.7 1.4
Shelterwood 1.0 0.3 0.3 0.8 2.2 1.0 2.4 1.9
Selection 1.0 0.1 -- 0.9 2.9 2.7 1.2 0.7
Violet spp. Clearcut 0.2 0.6 0.3 1.1 0.1 0.1 0.9
Seed-tree -- 0.1 -- 0.3 1.2 1.2 0.1 1.4
Shelterwood -- 0.5 -- 1.1 0.6 0.6 0.6 0.8
Selection 0.1 --- -- 0.3 0.3 0.3 0.7 0.3
Yellow Clearcut 3.2 1.2 2.8 1.4 2.9 1.6 3.1 1.7
jessamine Seed-tree 1.2 1.1 1.0 0.7 1.3 0.9 2.0 1.4
Shelterwood 2.4 0.5 1.5 0.3 3.0 0.8 2.0 1.0
Selection
/
1.9 1.6 1.-9 1.4 2.0 1.2 1.6 1.8
Partridge berry Clearcut 0.5 0.3 0.5 0.1 2.2 0.9 —
Seed-tree 1.6 1.4 1.2 1.0 1.6 0.5 1.2 0.7
Shelterwood 0.8 1.0 0.8 0.6 0.9 0.8 1.5 0.5
Selection 0.5 1.1 0.8 1.6 1.8 0.8 1.1 --
Pine Clearcut 2.1 0.1 2.3 1.9 2.9 2.3 1.5 2.7
Seed-tree 2.5 0.1 2.7 2.0 3.8 3.5 3.3 2.6
Shelterwood 3.3 --- 3.9 3.3 4.0 3.6 3.7 4.1
Selection 1.8 0.6 2.4 1.8 2.4 1.8. 3.5 1.4
Table 15. (Continued)
Sampling Periods



















1.4 0.9 0.3 0.6
Seed-tree ----- — . ----- ----- 0.7 -— 0.1 0.1
Shelterwood ------ 0.3 --- 0.3 2.0 1.2 1.7 1.0
Selection ----- 0.5 ----- 0.1 2.1 0.5 1.3 0.9
Japanese Clearcut -- 0.1 _____ ___ _ ___ — — —
honeysuckle Seed-tree ----- ----- -- -- ----- ----- ----- -----
Shelterwood ----- ----- 0.1 ----- ----- ----- ------
Selection ----- ----- — - - — ----- ----- ----- ------
Southern Clearcut 1.0 0.1 0.6 0.3 ' 0.3 0.5 0.1 0.3
bayberry Seed-tree 0.3 0.7 0.5 ----- 0.3 0.5 0.3 0.9
Shelterwood 0.8 0.3 1.0 0.4 0.7 0.5 0.6 0.5
Selection 1.6 1.4 1.0 1.4 2.0 1.3 0.9 1.3



























(3.2) (2.7) (3.3) (5.6)
1
Panlcum spp. which were recorded separately only during after-harvesting sampling.
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increased from the number present before harvesting. However, the 
presence or absence of a species before or after harvesting does not 
necessarily indicate that it was due to the harvesting operating.
Following the harvesting operation, there was a considerable amount 
of variation in the species that appeared on the treatment plots. More 
new species occurred on the clearcut plots while the number was fairly 
close between the seed-tree and shelterwood plots. The selection plots 
also showed gains in the number of new species present but not as many 
as on the other treatment plots. In the tabulation below, the number of 
plant taxa tallied during June and September sampling at each location 
is shown in parenthesis, and the number of taxa tallied before harvest­
ing but not after and those tallied after harvesting but not before are 
given in the Before and After Columns, respectively, for each treatment:
Idlewild Experiment Station 
June
Treatment Before After Before After
Clearcut (47) 11 (87) 51 (53) 11 (100) 58
Seed-tree (41) 7 (74) 40 (58) 7 (85) 44
Shelterwood (45) 11 (79) 45 (56) 10 (95) 49
Selection (37) 2 (76) 41 (43) 9 (69) 35
Lee Memorial Forest
June September
Treatment Before After Before After
Clearcut (47) 12 (85) 50 (47) 11 (88) 52
Seed-tree (49) 9 (94) 54 (51) 12 (91) 52
Shelterwood (43) 7 (84) 48 (48) 7 (88) 47
Selection (45) 8 (82) 45 (50) 12 (78) 40
91
Some of the more common species present before harvesting that were 
not found after harvesting were: Green-Adders-mouth orchid (Malaxis
unifolia Michx.), American holly (Ilex opaca Ait.?, vicca (Vicca spp.), 
Florida anise-tree (illicium floridanum Ellis), and ratten vine 
(Berchemia scandens (Hill) K. Koch.).
The three most common species to appear after harvesting were
Yankee weed (Eupatorium capillifolium (Lam.) Small), goldenrod (Soli-
dago spp.), and wild lettuce (Lactuca scariola L.).
Results of the logging operation caused a temporary decrease in the 
percent cover for yaupon (Ilex vomitoria Ait.). Three months after 
logging was finished, yaupon had a significant decrease in percent cover 
on all plots at both locations (Tables 14-15). The difference appeared 
greater at Idlewild; however, yaupon was more prevalent there than at 
Lee Forest even before logging. This decrease appeared to be only 
temporary. Towards the end of the growing season (September), the per­
cent cover had increased to 2.2 percent on the clearcut and seed-tree 
plots and to 2.4 percent on the shelterwood and selection plots. If 
these values are compared to the March values for the same treatments—  
1.8, 1.6, 1.6, 1.8, respectively--we can conclude that the percent 
cover for yaupon will continue to increase with time.
Blackberry (Rubus spp.) had a tremendous increase in percent cover 
following the end of logging. The biggest increase occurred on the 
seed-tree plots at both locations (Tables 14-15). By September black­
berry had increased from a pre-harvest value of 4.3 to a post-harvest 
value of 12.0 percent on the seed-tree plots at Idlewild and from 2.7 
to 8.7 percent at Lee Forest. All the other treatment plots also had 
increases. At Idlewild the values were: clearcut, 3.1 to 7.6 percent;
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shelterwood, 3.9 to 6.6 percent; and selection, 3.7 to 4.8 percent. The 
clearcut plots on Lee Forest increased from 1.4 to 4.3 percent while the 
shelterwood plots went from 3.2 to 6.4 percent and the selection plots,
2.2 to 3.1 percent. Blackberry can be expected to maintain a high per­
cent cover value for the first few years after logging but, as time 
passes and tree canopies start to close on the site, the cover of the 
blackberry will start to decline.
The oaks (Quercus spp.), like yaupon, also suffered a temporary 
decrease in percent cover. Many of the smaller stems were knocked down 
and destroyed by the logging operation and site preparation on the clear- 
cut plots. An increase in the amount of cover by the oaks can be ex­
pected due to the sprouts from the root collars of the former trees. 
Comparison of the cover values during March before and after harvesting 
on Idlewild (Table 14) —  clearcut 3.0 to 1.5, seed-tree 1.8 to 2.2, 
shelterwood 2.0 to 2.2, selection 1.7 to 1.9 and on Lee Forest (Table 
15) —  clearcut 0.2 to 0.4, seed-tree 0.1 to 0.7, shelterwood 0.5 to 1.0, 
selection 0 to 1.1 —  confirms that the percent cover for the oak species 
increased on all treatment plots except on the clearcut plots on Idle- 
wild. By September, sprouting had increased considerably the amount of 
oak cover on all treatment plots at both locations except on the shelter­
wood plots on Lee Forest. However, oak cover still was less than the 
pre-harvesting values except for the selection plots on Lee Forest. The 
pre- and post-harvesting values for September on Idlewild (Table 14) 
were: clearcut 3.8 and 2.0, seed-tree 7.8 and 4.7, shelterwood 3.8 and
2.7, selection 4.8 and 2.7, and on Lee Forest (Table 15): clearcut 1.2
and 0.9, seed-tree 1.5 and 1.4, shelterwood 1.9 and 0.8, selection 1.1 
and 1.2. The percent cover of the oak species will more than likely
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continue to increase over the next few years until competition from the 
pine seedlings starts to reduce the cover of oak sprouts on these sites.
Yankee weed (Eupatorium capillifolium (Lam.) Small) showed an inter­
esting trend. It was not recorded at either location during any of the 
pre-harvesting sampling periods. By June after harvesting had ended, 
yankee weed had become established on virtually all plots at both loca­
tions. At Idlewild, the percent cover values for the clearcut, seed-tree, 
shelterwood, and selection plots were 4.1, 2.2, 2.7, and 0.6 percent, 
respectively. The values for the same treatments at Lee Forest were 0.1, 
1.3, 1.7, and 0.3 percent, respectively. By the time of the September 
sampling, the only treatment plots to have a substantial increase in cover 
by yankee weed were the clearcut plots on Idlewild, 28.4 percent and the 
clearcut and seed-tree plots on Lee Forest, 8.5 and 1.7 percent, respec­
tively. The values on the other treatment plots were virtually unchanged.
Yankee weed is an invader species on disturbed areas. Following 
the harvesting, it made a large increase in coverage, especially on the 
clearcut plots where all the overstory was removed. Due to increased 
competition on these sites from the other vegetation, cover values for 
yankee weed should be smaller the next year.
French mulberry (Callicarpa americana L.) is another species that 
contributed considerably to the understory vegetation cover before har­
vesting and exhibited the same trend as some of the other species. 
Logging resulted in a temporary decrease in percent cover, but towards 
the end of the growing season it increased. In September post­
harvesting sampling at Idlewild (Table 14), the percent cover on the 
clearcut and seed-tree plots was 3.3 percent while on the shelterwood 
plots it was 2.2 percent and 1.8 percent on the selection plots. At Lee
Forest (Table 15) the values were 1.1, 1.6, 1.5, and 0,7 percent, re­
spectively. These post-harvesting values were smaller than the pre­
harvesting values on all treatment plots at Idlewild —  clearcut 3.5, 
seed-tree 7.0, shelterwood 3.9, selection 3.8 —  but were larger on 
three of the treatment plots on Lee Forest —  clearcut 1.4, seed-tree 
0.3, shelterwood 1.3, selection 0.5. If the September post-harvesting 
is compared to the June values, the percent cover had increased on all 
treatments except for the seed-tree and selection plots at Idlewild.
The June values at Idlewild were 2.7, 4.4, 1.9, and 3.8 percent, respec­
tively, while at Lee Forest they were 0.9, 0.7, 1.2, and 0.3 percent.
The decrease in the percent cover on the seed-tree and selection plots 
at Idlewild could have been due from competition of other vegetation or 
a decrease in number of french mulberry plants present.
Flowering dogwood (Cornus florida L.) is rated as a tolerant spe­
cies that persists well in the understory beneath pine stands. The log­
ging operation resulted in a decrease in percent cover during the June 
sampling on all treatment plots except the selection treatment at 
Idlewild (Table 14) where it increased from a pre-harvest value of 0.8 
percent to a post-harvest value of 1.0 percent, while it went from 0.7 
to 1.3 percent on the seed-tree plot at Lee Forest (Table 15). The per­
cent cover in June decreased on the clearcut plots from 8.2 to 1.7 per­
cent, on seed-tree plots from 4.4 to 1.8 percent, and on shelterwood 
plots from 5.7 to 3.2 percent at Idlewild (Table 14). The clearcut plot 
at Lee Forest had a decrease from 4.0 to 0.8 percent. The cover on the 
shelterwood plots decreased from 2.2 to 1.0 percent, while on the selec­
tion plots the cover decreased from 2.9 to 2.7 percent.
Since dogwood is rated as a tolerant species, the percentage cover
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will probably not exceed pre-harvesting values. In those instances 
where values did increase, the increase was due to sprouting of roots 
and broken steins. As the vegetation competition increases on the sites, 
these values should drop.
The immediate effects of the logging operation on the genus violet 
(Violet spp.) was an increase in percent cover. Even during the March 
sampling, the post-harvest coverage of the violet species had increased 
from pre-harvest values on all treatment plots at both locations (Tables 
14-15). At Idlewild, the percent cover increased to 2.7 percent from 
1.3 percent before harvesting. On the seed-tree plots the cover in­
creased to 1.7 percent compared to a pre-harvest value of 0.4 percent. 
Values for the same period before and after harvesting on the shelter­
wood plots were 0.4 to 0.6 percent and 0.6 to 0.7 percent on the selec­
tion plots. It is interesting to note that the violet genus was 
recorded only on the clearcut plots at Lee Forest during' the pre­
harvesting sampling for March (Table 15). In March following the har­
vesting, the percent cover increased from 0.3 to 1.1 percent on the 
clearcut plots while on the seed-tree, shelterwood, and selection plots 
values of 0.3, 1.1, and 0.3 percent were recorded.
Yellow jessamine (Gelsemium sempervirens (L.) Ait. F.) was reduced 
by the logging operation. During the June sampling at Idlewild (Table
14) before logging, values of 1.9, 3.1, 3.4, and 3.4 percent were re­
corded from the clearcut, seed-tree, shelterwood, and selection plots, 
respectively. The values for the same respective treatments after 
logging were 0.6, 1.2, 1.6, and 3.3 percent.
The same trend was found at Lee Forest. Values for the June sam­
pling before logging (Table 15) were 2.9, 1.3, 3.0, and 2.0 percent,
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respectively, for the four treatments— clearcut, seed-tree, shelterwood, 
and selection. The values recorded for June after harvesting were as 
follows: clearcut 1.6, seed-tree 0.9, shelterwood 0.8, and selection
1.2 percent.
Patridge berry (Mitchella repens L.), like yellow jessamine, had 
a reduction in cover at both locations following the end of logging 
(Tables 14-15). The shelterwood plots at Idlewood had a cover value of
4.1 percent during the pre-harvest sampling in June, but during the 
post-harvest sampling, partridge berry was not recorded on these plots. 
By September, the cover value had increased to 0.1 percent, a very small 
increase compared to a 5.7 percent value in September before harvesting. 
Clearcutting at Lee Forest resulted in the disappearance of partridge 
berry from the plots during the June and September sampling. During the 
pre-harvest sampling, the percent cover was 2.2 in June and 0.9 on 
September. Sampling after harvesting during these periods found no 
signs of partridge berry. According to the data in Tables 14 and 15, it 
appears that the heavier the cutting, the greater the reduction in cover 
for partridge berry. Post-harvesting sampling during September on the 
selection plots also failed to turn up any signs of partridge berry.
Pine (Pinus spp.) increased in percent cover on most all of the 
treatment plots at both locations (Tables 14-15). With the removal of 
the overstory, pine seed from the harvested trees as well as the seed 
stored in the ground litter layer had an environment favorable for 
germination. This, as well as seed blowing onto the plots from the 
surrounding trees, can account for the increase on the clearcut plots. 
During the September post-harvesting sampling at Idlewild (Table 14), 
an increase in the percent cover for pine was found on the clearcut,
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shelterwood, and selection plots when compared to pre-harvesting val­
ues: clearcut 0.9 to 1.8, shelterwood 2.9 to 3.3, and selection 2.9 to
3.5. A small decrease was found on the seed-tree plots, 3.6 to 3.0. 
There was an increase in cover value on the clearcut, 1.5 to 2.7, and 
shelterwood plots, 3.7 to 4.1, at Lee Forest (Table 15) and a decrease 
on the seed-tree, 3.3 to 2.6, and selection plots, 3.5 to 1.4. One 
possible reason for the decrease in the percent cover on the seed-tree 
and selection plots is that many of the young seedlings may have died 
due either to environmental conditions or competition from other vegeta­
tion. Another possible reason for the decrease on the selection plots 
could have been that the railacre sampling points were not located in the 
openings created by the removal of the older trees. The decrease on the 
seed-tree and selection plots on Lee Forest was due to many of the trees 
on the plots not being old enough to produce seed.
Sweetgum (Liquidambar styraciflua L.) was another species that 
experienced temporary decreases following the end of logging. But like 
many of the other species, the percent of cover can be expected to in­
crease, especially due to the sprouting ability of the root systems. 
During the June post-harvest sampling at Idlewild (Table 14), the cover 
value on the clearcut plots was 0.6 percent but increased to 0.8 percent 
by September. Pre-harvest values were 2.7 and 2.9 percent. Decreases 
from pre- to post-harvest values for the other plots in June and 
September, respectively, were: seed-tree, 5.7 to 2.4 and 7.4 to 3.1
percent; shelterwood, 2.2 to 1.0 and 1.3 to 1.1 percent; and selection,
5.2 to 3.2 and 5.0 to 3.3 percent. At Lee Forest (Table 15) the changes 
in sweetgum cover in June and September were: clearcut, 1.4 to 0.9 and
0.3 to 0.6 percent; seed-tree, 0.7 to 0 and 0.1 to 0.1 percent;
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shelterwood, 2.0 to 1.2 and 1.7 to 1.0 percent; and selection, 2.1 to 
0.5 and 1.3 to 0.9 percent, respectively.
The biggest effect of the harvesting operation on Japanese honey­
suckle (Lonicera japonica Thumberg) appeared on the seed-tree plots at 
Idlewild Experiment Station (Table 14). The percent cover increased 
from a pre-harvest value of 3.0 percent to a post-harvest value of 5.4 
percent during the June sampling and 2.2 to 5.7 percent for the 
September sampling. The effects varied on the other treatment plots.
Japanese honeysuckle was an infrequently noted plant at Lee Forest. 
The harvesting operation had no major effects on the percent cover on 
the plots there (Table 15).
The effects of harvesting on southern bayberry (Myrica cerifera L.) 
varied among the treatment plots (Table 14). Southern bayberry was not 
tallied on the clearcut plots on Idlewild Experiment Station during the 
post-harvesting sampling for June and September, although the values 
even before harvesting were very small, 0.1 and 0.3 percent. During 
the June sampling after harvesting, the percent cover on the seed-tree 
plots was 0.3 percent but increased to 0.7 percent by September. Pre- 
harvesting values were 1.5 and 0.7, respectively. The post-harvest 
value for June on the shelterwood plots was 0.5 but decreased to 0.1 
percent by September, compared to pre-harvesting values of 1.5 and 1.2. 
The percent cover increased from 0.9 to 1.8 on the selection plots 
during these sampling periods. A pre-harvesting value of 1.5 was re­
corded for June and 1.3 for September.
At Lee Forest, the percent cover for southern bayberry after 
harvesting decreased from June to September on the clearcut plots from 
0.5 to 0.3 percent but increased on the seed-tree plots from 0.5 to 0.9
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percent (Table 15). These post-harvest values were larger than the pre­
harvest values of 0.3 and 0.1 on clearcut plots, while they were 0.3 
for both June and September on the seed-tree plots. There was no change 
in the cover from June to September on either the shelterwood (0.5 
percent) or selectin plots (1.3 percent). The post-harvest values on 
the shelterwood plots were less than the pre-harvest values of 0.7 and
0.6. The same was true on the selection plots during the June sampling, 
but the September cover value after harvesting was greater than before 
sampling.
At Lee Forest, the percent cover of southern bayberry after harvest 
decreased from June to September on the clearcut plots, 0.5 to 0.3 per­
cent, but increased on the seed-tree plots, 0.5 to 0.9 percent (Table
15). There was no change in the cover from June to September for either 
the shelterwood or selection plots, 0.5 percent for the shelterwood and
1.3 percent on the selection plots.
The values listed in Tables 14 and 15 for grass are a little mis­
leading. During the pre-harvesting sampling, all grass species were 
tallied under the general category of grass. In the post-harvesting 
sampling, the grasses were tallied separately by genus when possible. 
There was a considerable increase in the amount of coverage of grass on 
most of the plots after harvesting. The Panicum genus was the most pre­
dominant grass on both study areas before and after harvesting.
Pine Reproduction
Results of sampling the pine reproduction after harvesting showed 
that there was an adequate supply of seedlings, at least 2470 seedlings 
per hectare. Before the harvesting was conducted, there was a
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substantial number of pine seedlings on the plots, averaging 13612 
seedlings per hectare on Idlewild Experiment Station and 12466 per 
hectare on Lee Forest before the prescribed burn. However, due to the 
presence of the overstory, the majority of these seedlings would prob­
ably have perished within a year or two after germination. Very few 
seedlings present on the plots were over 30 cm in height.
A survey of the plots after the prescribed burn found that a large 
proportion of the pine seedlings were destroyed because seedlings aver­
aged only 398 per hectare on Idlewild and 1403 per hectare on Lee 
Forest. One year after the harvesting was completed, however, several 
thousand seedlings per ha were found in the partially cut plots (Table
16). There were more than an adequate number of seedlings present to 
justify the removal of the remaining trees. Even the selection plots 
contained an adequate number of pine seedlings. Plot 12 (selection) at 
Lee Forest did not have as many seedlings as the other plots because the 
majority of the trees on this plot were not yet of seed-bearing age.
Table 16. Pine reproduction on treatment plots on Idlewild Experiment Station and Lee Memorial Forest
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Plot 1 146 0 *1680 Plot 2 7878 465 *1680
Plot 11 494 0 1680 Plot 5 9723 0 1680
Seed-tree
Plot 4 50272 0 12108 Plot 7 6089 0 6919
Plot 7 6024 773 10502 Plot 8 23643 7586 8278
Shelterwood
Plot 2 4650 0 8525 Plot 6 19224 0 10131
Plot 9 6704 0 22239 Plot 11 12091 707 7999
Selection
Plot 3 7845 292 11614 Plot 4 19405 2471 10131
Plot 6 32815 2118 11367 Plot 12 1712 0 ■ 3212
Prescribed burning done on all plots before harvesting operation. 
*Seedlings planted on 2.4 x 2,4 m spacing.
SUMMARY AND CONCLUSIONS
Soil erosion due to forestry operations, especially logging and 
road building, has received considerable attention the past few years. 
This is especially true since the passage of the Federal Water Pollution 
Control Act of 1972. According to the law, the forestry industry is 
held responsible for non-point sources of pollution resulting from its 
practices. Before suitable guidelines can be set, research is needed 
to determine what are natural erosion rates and accelerated erosion 
rates due to man's activities.
The objective of this study was to determine if four types of re­
generation cutting systems —  clearcut, seed-tree, shelterwood, and 
selection —  cause a significant erosion problem in southeast Louisiana. 
The effects of these four different treatments on soil chemistry as well 
as understory vegetation were also determined.
Eight plots, 8 ha each, were established in mature loblolly pine 
timber stands on the Idlewild Experiment Station and Lee Memorial 
Forest. Each of the four treatments were replicated twice at each loca­
tion. Logging was conducted at each location by local forestry 
companies.
Soil measuring stakes were established at three positions on six 
selected slopes within each 8-ha plot. Soil erosion was measured at 
each of the locations for eight months following the completion of log­
ging. On each 8-ha plot an individual watershed was selected and a soil 
trap constructed across it to determine soil movement off the plot.
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For soil chemical analyses, soil samples were collected one year 
before and after the harvesting operations. Samples were taken at the 
0-15 cm and 15-30 cm depths at both locations.
Vegetation was surveyed four different times for a full year before 
and a year after logging at each location.
Summary of Results
Results of this study clearly demonstrated that soil erosion from 
slopes within the treatment plots was no problem despite some indica­
tions of soil movement among various positions on the slope. Although 
some of the plots had slopes that were fairly steep for southeastern 
Louisiana, there was considerable variation in the percent and length 
of slopes within plots and among plots. However the percent and length 
of slope was not a major factor in the measurement of soil slope ero­
sion. Only in the case of two clearcut plots, especially one plot at 
Idlewild Experiment Station, was any appreciable amount of sediment 
measured in watersheds leaving the plot boundary. This sediment origi­
nated largely from erosion of a main skid trail used during the clear- 
cut operation.
Two factors helped to keep the erosion rates to a minimum on the 
treatment plots. There was an adequate litter cover on the plots fol­
lowing the harvesting operation. The selection plots had a larger per­
cent of the area covered by litter. The shelterwood plots had the next 
largest area followed by the seed-tree and clearcut plots.
A heavy influx of vegetative growth in the spring after the harvest­
ing operation also provided adequate ground cover. Throughout the grow­
ing season, the vegetation cover increased on the treatment plots. By
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the end of the growing season, the clearcut plots had the heaviest vege­
tation cover followed by the seed-tree, shelterwood, and selection plots.
There were no significant differences among treatments on the P, K, 
Ca, Mg, percent organic matter, and pH levels. However, a comparison of 
before and after harvesting levels of each element revealed significant 
differences in the K and Ca contents. The harvesting resulted in an 
increase in the K content at the 15-30 cm depth at both locations. The 
Ca content was reduced at both the 0-15 cm and 15-30 cm depths at both 
locations. The reduction was more prevalent at Idlewild Experiment 
Station.
Results of the vegetation sampling indicated that all of the re­
generation cutting systems affected the vegetation composition and cover 
values. Before logging, the vegetation composition varied little among 
treatment plots. Once the logging was finished, there was a consider­
able change in vegetation composition and percent cover on all treatment 
plots. The clearcut and seed-tree plots had the larger increase in the 
number of new species while the shelterwood plots had fewer new species. 
The selection plots generally had the least number of new species.
Conclusions
1. Logging, if conducted properly, causes very little erosional 
damage in southeast Louisiana on land with slopes averaging 0-20 per­
cent. Any one of the four regeneration cutting systems —  clearcut, 
seed-tree, shelterwood, and selection — ■ can be utilized with little 
adverse effects on the site. However, with poor planning and logging 
practices, erosional problems can occur.
2. Although there were some differences in the amount of erosion
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among the treatments, these differences were very small. No one 
treatment was any worse than the others in affecting the amount of 
erosion.
3. Soil that is eroded from the slopes and makes it to the bottom 
of the slopes will tend to accumulate in the small drainages and stay on 
the plot as long as some debris or slash is present to act as a filter. 
As long as there is sufficient ground cover present on the site after 
logging, erosion should not be a major problem.
4. There were no differences among the four treatments on soil 
chemistry, but - the K and Ca contents were affected by the harvest 
cuttings. A comparison of before and after harvesting levels revealed 
an increase in K at the lower depths and a decrease in Ca at both the 
upper and lower depths.
5. All four treatments affected the vegetation composition and 
percent cover. The heavier the cutting, the greater the effect. The 
clearcut and seed-tree treatments had the greatest effect on percent 
cover and number of new species. The shelterwood and selection plots 
also resulted in an increase in percent cover as well as number of new 
species, but to a lesser degree.
Results of this study indicate that there were no major differences 
in the amount of erosion occurring after the application of the four re­
generation cutting systems —  clearcut, seed-tree, shelterwood, and 
selection. To reduce the amount of variation encountered in this study, 
a more intensive research project should be concentrated on just one 
area. There was too much for one or two people to do over too large of 
an area.
At a selected area, one well-defined watershed for each of the four
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systems should be selected. A concentrated study should be applied to 
each of these watersheds. This includes the establishment of a H-flume 
with a water level recorder, Coshocton wheel, and an automatic water 
sampler.
The installation of this equipment would enable one to study the 
effects of the regeneration systems or any future cutting on stream 
flow. The water-level recorder would be used to plot the change in 
stream flow while the automatic water sampler would take stream flow 
samples at appropriate intervals for chemical analyses.
The establishment of this type of system would require the coopera­
tion of other departments such as agricultural engineering or someone 
with a knowledge of hydrology. Due to the cost involved, the system 
would have to be restricted to one watershed for each treatment at one 
location.
By concentrating the study at one area, a better understanding of 
what is happening on the site could be gained. By installing the 
sampling equipment, one could get a better idea of the effects of the 
harvesting operation on soil chemistry and stream flow. The establish­
ment of lysimeters would also aid in the study of soil chemistry. Thus 
one would be able to determine how much of these elements were being 
leached out of the system or leaving the site in runoff.
The concentrated effort would also enable one to study the vegeta­
tion changes closer. A  more detailed sampling system would enable one 
to state with a greater confidence whether the cutting was causing the 
disappearance or establishment of a species.
To make a project worth while, cooperation with other individuals
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and departments is necessary. There should be one individual designated 
to study each aspect of the project.
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APPENDIX A
Description of the Soils
The following descriptions of the Providence, Lexington, and 
Ruston soil series for Idlewild Experiment Station and the Ruston and 
Johnston soil series on Lee Memorial Forest are excerpts taken from the 
descriptive materials contained in the soil surveys of each location as 
prepared by the Soil Conservation Service, U.S. Department of Agricul­
ture, in cooperation with the Louisiana Agricultural Experiment Station.
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IDLEWILD EXPERIMENT STATION 
PROVIDENCE SERIES
The Providence aeries consists of moderately well drained, slowly 
permeable, silty soils that have fragipan layers. These soils have 
grayish brown surface layers and brown or yellowish red subsoils.
Providence soils occur on gentle to moderately sloping uplands.
They have developed from silty deposits over sandier material. They 
are adjacent to the Bude, Lexington and Ruston soils. Providence soils 
are similar to Bude soils in texture but are better drained. They are 
not as well drained as the Ruston and Lexington soils and also differ 
by having a fragipan. Ruston soils have a higher sand content.
Providence silt loam. 0 to 1 percent slopes (9A). —  This is a 
moderately well drained soil on the local stream terraces at interme­
diate elevations. The surface layer is dark brown silt loam about four 
inches thick. The subsoil is yellowish brown silt loam overlying a 
gray mottled fragipan at about 20 inches in depth. Included in the 
mapping are small areas of Dexter loam.
Permeability is slow and surface runoff is slow to medium. Avail­
able water capacity is high. The soil is fairly easy to cultivate. It 
Is medium to slightly acid in the upper part and ranges to very strongly 
acid in the subsoil.
Most of this acreage is in woodland. A small acreage is used for 
pasture and hay crops. All common crops are suited. A small portion 
of this soil may be subject to occasional overflow.
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A representative profile of Providence silt loam on 0 to 1 percent 
slopes is located on Idlewild Experiment Station, 4,600 feet due east of 
headquarters, 1,400 feet west of Hunter's Bayou, near the west boundary 
of Section 68.
Ap —  0-4"— Dark brown (10YR 4/3) silt loam; weak coarse subangular
blocky structure; friable; slightly acid; abrupt wavy bound­
ary.
B21t—  4-13"— Yellowish brown (10YR 5/6) gritty silt loam; weak medium 
subangular blocky structure; friable; thin patchy (10YR 6/3) 
ped coats; few thin clay films in peds; few soft brown con­
cretions; slightly acid; clear wavy boundary.
B22t—  13-20"— Yellowish brown (10YR 5/4) silt loam with many medium
distinct dark brown (7.SYR 4/4) mottles; weak coarse sub­
angular blocky structure; friable; few thin clay films in 
pores; few soft brown concretions; very strongly acid; 
abrupt wavy boundary.
Bxl —  20-41"— Dark brown (10YR 4/3) and light brownish gray (10YR 6/2)
mottles; weak coarse prismatic structure; friable; thick 
light gray (10YR 7/1) coatings 3 mm thick on walls of 
cracks; slightly brittle; few thin patchy clay films; very 
strongly acid; clear smooth boundary.
Bx2 —  41-53"— Brown (7.SYR 5/4) loam with common fine distance pale
brown (10YR 6/3) and light brownish gray (10YR 6/2) mottles; 
weak coarse prismatic structure; friable; many polygonal 
cracks 3 to 5 mm wide filled with pale brown (10YR 6/3) 
light loam; brittle; very strongly acid.
Range in Characteristics. —  The A ranges from dark grayish brown 
(10YR 4/2) to dark yellowish brown (10YR 4/4) and from 1 to 6 inches 
thick. Texture is silt loam or loam. The Bt horizons range from strong 
brown (7.SYR 5/6) to yellowish red (5YR 5/6), and from 10 to 15 inches 
thick. Texture is silt loam or silty clay loam. The reaction is medium 
acid to very strongly acid. The Bx horizons range from dark brown 
(10YR 4/3) to strong brown (7.5YR 5/6) in the upper part to red (2.5YR 
4/8) in the lower part. Texture is loam, clay loam or sandy clay loam. 
Reaction is strongly acid to very strongly acid. Depth to the fragipan 
ranges from 15 to 25 inches.
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Providence silt loam, 1 to 3 percent slopes . (9B). —  This Is a 
moderately well drained soil on the ridgetops. It occupies moderate 
acreage. The surface layer Is dark yellowish brown silt loam about four 
inches thick. The subsoil is strong brown silty clay loam underlain by 
a gray mottled fragipan at about 17 inches. Included In the mapping are 
small areas of Lexington silt loam.
Permeability is slow and surface runoff is medium. Available water 
capacity is high. The soil is easily worked. It is slightly acid to 
strongly acid in the surface layers and medium to very strongly acid in 
the subsoil.
A large part of this soil is in pine woodland. Some acreage is 
used for pasture and hay crops. Common crops are suited. Erosion con­
trol is the main problem in the use of this soil.
A representative profile of Providence silt loam on 1 to 3 percent 
slopes is located on Idlewild Experiment Station, 2,300 feet southeast 
of headquarters, 60 feet north of main road.
AP —  0-4"Dark yellowish brown (10YR 4/4) silt loam with a few frag­
ments of yellowish red (SYR 4/6) sandy clay loam; slightly 
acid; abrupt wavy boundary.
B21t—  4-10"— Strong brown (7.5YR 5/6) silty clay loam with common
medium distinct yellowish brown (10YR 5/6) mottles; moder­
ately medium subangular blocky structure; patchy ped coats
of yellowish red (SYR 5/6); friable; many thin patchy clay
films on peds; medium acid; clear smooth boundary.
B22t—  10-17"— Strong brown (7.5YR 5/6) heavy silt loam with thin pale
brown (10YR 6/3) patchy ped coats; weak medium subangular 
blocky structure; friable; few thin patchy clay films on 
peds; many medium brown concretions with black interiors; 
very strongly acid; clear irregular boundary.
IIBxl—  17-34"— Strong brown (7.SYR 5/6) loam; weak coarse prismatic
structure; firm; hard and brittle; prisms and polygons 
coated with light brownish gray (10YR 6/2) loam to clay 
loam about 3 mm thick and up to 10 m thick in places; 
many thick discontinuous clay films on the outside of
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peds; many large pores in lower part; few soft concre­
tions; very strongly acid; clear smooth boundary.
IIBx2—  34-52"— 65 percent red (2.5YR 4/6) sandy clay loam surrounded 
by yellowish brown (10YR 5/6) loam or light sandy clay 
loam; weak coarse prismatic structure which breaks into 
moderately medium subangular blocky; friable; slightly 
brittle and compact; few vertical veins of light gray 
(10YR 7/1) loam about 1 foot apart; very strongly acid; 
gradual smooth boundary.
Bx3 —  52-66"— Same as above with exception of horizontal veins of
gray and increased percentage of red; very strongly acid.
Providence silt loam. 3 to 5 percent slopes (9C). —  This is a 
moderately well drained soil on the upland, adjacent to the drainageways 
or steeper slopes. It is the most extensive soil on the station. The 
surface layer is dark brown silt loam about 4 inches thick. The surface 
layer is absent over 20 percent of the area. The subsoil is a strong 
brown silty clay loam overlying a brown and gray fragipan with a higher 
sand content. Depth to the pan is about 20 inches. Included are small 
areas with a high sand content throughout the soil.
Permeability is slow and runoff is medium. Available water capacity 
is high. When cultivated, good tilth is difficult to maintain. The 
reaction is medium to strongly acid in the surface layer unless limed, 
and ranges to very strongly acid in the subsoil.
This soil is in woodland and pasture or hay crops. Soil moisture 
may be insufficient for pasture plants in the summer or early fall of 
some years. Erosion control and maintenance of good tilth are major 
problems.
A representative profile of Providence silt loam on 3 to 5 percent 
slopes is located on Idlewild Experiment Station, 1,450 feet southeast 
of pond, 72 feet northeast of bend in gravel road.
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Ap —  0-4"— Dark brown (1QYR 4/3) silt loam; weak medium subangular
blocky structure; friable; slightly acid; abrupt wavy bound­
ary.
B21t—  4-11"— Strong brown (7.SYR 5/6) silty clay loam; weak medium 
subangular blocky structure; firm; few clay films; many 
pores; strongly acid; clear smooth boundary.
B22t—  11-19"— Strong brown (7.5YR 5/6) heavy silt loam with common 
medium distinct light yellowish brown (10YR 6/4) mottles; 
weak coarse subangular blocky structure; friable; few clay 
films; many isolated fragments of brown silt loam; very 
strongly acid; gradual smooth boundary.
IIBx—  19-37"— Strong brown (7.SYR 5/6) and dark brown (7.5YR 4/4)
heavy loam with common medium distinct light brownish gray 
(10YR 6/2) and yellowish brown (10YR 5/6) mottles; weak 
coarse subangular blocky structure; friable; few clay films; 
many pores; compact and brittle; very strongly acid; clear 
wavy boundary.
IXB3t—  37-58"— Strong brown (7.SYR 5/6) clay loam with few fine faint 
light brownish gray (10YR 6/2) and common fine prominent 
red (2.5YR 5/8) mottles; weak very coarse prismatic 
structure; firm; few clay films; many gray (10YR 6/1) clay 
plugs 1/2" diameter in cracks; very strongly acid.
Providence silt loam. 5 to 8 percent slopes (9D). —  This is a 
moderately well drained soil that occurs in narrow bands adjacent to 
drainageways. It occupies small acreage. The surface layer is dark 
grayish brown silt loam about four .inches: thick, but is absent in places. 
The subsoil is yellowish red silty clay loam underlain at about 17 inches 
by a brown and gray mottled fragipan which has a higher sand content. 
Included are small areas of Lexington silt loam and Ruston fine sandy 
loam.
Permeability is slow and surface runoff is rapid. Available water 
capacity is high. Good tilth is hard to maintain. The slopes limit 
use of large equipment. The reaction is medium acid to strongly acid 
in the surface layers and ranges to very strongly acid in the subsoil.
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This soil is suited to woodland, pasture and hay crops. Cultivated 
crops can be grown with intensive management. Poor tilth and erosion 
hazard are the main problems.
A typical profile of Providence silt loam on 5 to 8 percent slopes
is located on Idlewild Experiment Station in Section 68, 1,750 feet
west and 3,300 feet north of the southeast section corner.
AP —  0-4"— Dark grayish brown (10YR 4/2) silt loam; weak medium sub­
angular blocky structure; friable; few fragments of charcoal; 
medium acid; abrupt wavy boundary.
B21t—  4-17"— Yellowish red (5YR 5/6) silty clay loam; moderate medium
subangular blocky structure; firm; few thin clay films; 
strongly acid; clear smooth boundary.
IIBxl—  17-38"— Yellowish brown (10YR 5/6). loam with many medium promi­
nent red (2.SYR 5/8) and common medium faint light brown­
ish gray (10YR 6/2) mottles; weak coarse subangular blocky 
structure; friable; few thin clay films; very strongly 
acid; clear irregular boundary.
IIBx2—  38-48"--Red (2.SYR 4/8) clay loam with many medium prominent 
gray (10YR 6/1) and yellowish brown (10YR 5/6) mottles; 
weak coarse subangular blocky structures; friable; few 
thin clay films; very strongly acid; clear wavy boundary.
IIB3—  48-70"— Stratified gray (10YR 6/1) and red (10YR 4/8) clay and
sandy clay loam; weak coarse prismatic structure; firm; 
few thick clay films associated with the red; very strongly 
acid.
LEXINGTON SERIES
The soils of the Lexington series are dark brown in the surface and 
have yellowish red subsoils. They are well drained and moderately per­
meable.
Lexington soils are on the highest elevations on the station. They 
occur in relatively large areas on convex ridgetops and along the side- 
slopes of the upper drains. They are adjacent to the Providence, Ruston 
and Bude soils They are finer textured in the upper three feet than the
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Ruston soils. Providence and Bude soils are more poorly drained, and 
have fragipans. The Dexter soils, which also occur on the station, are 
similar to Lexington, but have a higher content of very fine sand in the 
upper subsoils.
Lexington silt loam. 1 to 3 percent slopes (7B). —  This is a well
drained, moderately permeable soil on smooth ridge tops. It occurs in
small acreage at the highest elevations on the station. The surface
layer is brown silt loam about three inches thick. The subsoil is
yellowish red silty clay loam which is underlain by red sandier layers.
As a result of erosion the subsoil is exposed at the surface in places.
Included in the mapping are small areas of Ruston and Providence soils.
Permeability Is moderate and surface runoff is medium. Available
water capacity is high. The soil is easy to cultivate, except in the
areas which have a plow layer of subsoil material. Reaction is medium
to very strongly acid throughout the profile, unless recently limed.
Response to fertilizer is good.
Most of this acreage is used for pasture and hay crops. Most of
the headquarters buildings are on this soil. Common crops are suited.
Erosion is the main problem.
A representative profile of Lexington silt loam on 1 to 3 percent
slopes is located on Idlewild Experiment Station, 1,000 feet northeast
of headquarters, 650 feet due north of gravel road.
Ap —  0-3"Dark brown (7.SYR 4/4) silt loam; massive; friable; few
pieces of yellowish red silty clay loam; slightly acid; 
abrupt smooth boundary.
B21t—  3-13"— Yellowish red (SYR 4/6) silty clay loam with few fine
faint reddish yellow (7.5YR 6/6) mottles; moderate medium 
subangular blocky structure; firm; few thin discontinuous 
clay films on peds; strongly acid; clear smooth boundary.
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IIB22t—  13-28"— Yellowish red (SYR 4/6) heavy loam with common medium 
distinct light brown (7.SYR 6/4) mottles; weak medium 
subangular blocky structure; friable; few thin discontin­
uous clay films; very strongly acid; clear smooth boundary.
2A'2 —  28-41"— Yellowish red (SYR 5/6) loam with few fine faint light
yellowish brown (10YR 6/4) moddles; massive; firm; very 
strongly acid; gradual wavy boundary.
IIB't—  41-55"— Red (2.5YR 4/6) sandy clay loam; weak coarse subangular 
blocky structure friable; many thick clay films; patchy 
dark red (2.5YR 3/6) ped coating; very strongly acid.
Range in characteristics. —  The A horizon is typically thin due to 
erosion. It ranges from very dark grayish brown (10YR 3/2) to dark 
brown (7.5YR 4/4).
The Bt horizon ranges from dark brown (7.5YR 4/4) to yellowish red
(SYR 5/6). Thickness ranges from 10 to 40 inches. Texture is silty clay
loam or silt loam. Reaction is strongly to very strongly acid.
The IIB horizon ranges from strong brown (7.SYR 5/6) to red (2.5YR 
4/8). Texture is sandy loam, loam, clay loam or fine sandy loam. Reac­
tion is strongly to very strongly acid.
Lexington silt loam. 3 to 8 percent slopes (7CD). —  This is a well 
drained, gently to moderately sloping soil that occurs on the upper 
slopes of the upland. It is bordered on the upper side by nearly level 
Lexington and Providence soils and on the lower side by steeper Ruston 
and Lexington soils. Total acreage on the station is high. The surface 
layer is a very dark grayish brown silt loam about three inches thick.
The subsoil is yellowish red silty clay loam underlain by strata with a 
higher sand content. Included in the mapping are small areas of Ruston 
soils along the drains and steepest places.
Permeability is moderate and surface runoff is rapid. Available 
water capacity is high. The soil is easy to cultivate, but the slope 
and irregular shape of the land make use of large equipment difficult.
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It is strongly acid to very strongly acid throughout. Most of the 
acreage is in pasture and hay crops, but a significant acreage is in 
woodland. Most common crops are suited. Erosion control and difficulty 
in using large equipment are the most important problems.
A representative profile of Lexington silt loam on 3 to 8 percent 
slopes is located on Idlewild Experiment Station south of the dbm, 30 
feet east of gravel road.
Ap —  0-3"— Very dark grayish brown (10YR 3/2) silt loam weak medium
subangular blocky structure; friable; strongly acid;.abrupt 
wavy boundary.
B21t—  3-11"— Yellowish red (SYR 5/6) silt loam weak medium subangular
blocky structure; friable; few thin clay films; strongly 
acid; clear wavy boundary.
B22t—  11-19"— Yellowish red (SYR 5/6) silty clay loam; moderate medium
subangular blocky structure; friable; few thin clay films
on peds; few fine soft black concretions; very strongly
acid; clear smooth boundary.
IIB31t—  19-38"— Strong brown (7.5YR 5/6) loam with common medium dis­
tinct pale brown (10YR 6/3) mottles; weak medium subangular 
blocky structure; friable; few patchy clay films on peds; 
few isolated yellowish red (5YR 5/6) brittle fragments; 
very strongly acid; clear smooth boundary.
IlB32t—  38-60"— Red (2.5YR 4/8) heavy sandy clay loam with many medium
prominent reddish yellow (7.SYR 6/6) mottles; massive;
firm; many clay films on peds; streaks of yellowish brown 
fine sandy loam in the vertical cracks; very strongly acid.
Lexington silt loam, 8 to 20 percent slopes, eroded (8EF2). —  This
is a strongly sloping soil that occurs in narrow bands on the upland
escarpments. It Is generally between the less sloping Lexington soils
on the ridgetops and the local floodplains. It Is a minor soil. The
surface layer is a dark brown silt loam two inches or less thick. The
subsoil is dark brown red silty clay loam in the upper 20 to 30 inches
and sandy clay loam below. Included in the mapping is about 15 percent
Ruston soils.
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Permeability is moderate and surface runoff is rapid. Available 
water capacity is high. The slopes are generally too steep for cultiva­
tion. Reaction ranges from medium to very strongly acid.
Practically all of this acreage is in woodland. Most pasture plants 
are suited, but seedbed preparation and maintenance is limited by the 
steep slopes.
A representative profile of Lexington silt loam, eroded, on 8 to 20 
percent slopes is located on Idlewild Experiment Station, 1,500 feet 
northwest of headquarters, 230 feet east of pine plantation on southeast 
side of drain.
Ap —  0-2”— Dark brown (10YR 4/3) silt loam; weak medium subangular
blocky structure; friable; medium acid; abrupt wavy boundary.
B21t—  2-18"— Dark brown (7.SYR 4/4) silty clay loam; moderate medium 
subangular blocky structure; firm; few thin clay films; 
medium acid; clear wavy boundary.
IIB22t—  18-30”— Dark brown (7.5YR 4/4) loam; weak medium subangular 
blocky structure; friable; few thick clay films; very 
strongly acid; clear wavy boundary.
IIB31t—  30-38"— Yellowish red (5YR 4/6) loam; weak medium subangular 
blocky structure; friable; few patchy clay films; very 
strongly acid; clear smooth boundary.
IIB32t—  38-60"— Red (2. SYR 4/8) clay loam; weak coarse subangular 
blocky structure; firm; few thick clay films; very 
strongly acid.
RUSTON SERIES
The Ruston series consists of well drained, moderately permeable 
soils. They have a brown surface and red subsoil.
Ruston soils occur in narrow bands on the side slopes of upland 
divides. They have developed from loamy Coastal Plain sediments. They 
are adjacent to the Lexington, Dexter and Providence soils. Ruston soils 
have more sand in the upper horizons than the Lexington soils. They
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contain more sand throughout than the Dexter soils. Ruston soils are 
better drained and do not have the fragipan horizons that are character­
istic of the Providence soils.
A representative profile of Ruston fine sandy loam, eroded, on 8 to 
20 percent slopes is located on Idlewild Experiment Station northeast of 
headquarters, 600 feet south of north property line, 102 feet east of 
north-south fence.
Ap —  0-6"— Dark brown (10YR 4/3) fine sandy loam with small pieces
of yellowish red (5YR 4/6) sandy clay loam; weak medium 
subangular blocky structure; friable; strongly acid; clear 
wavy boundary.
B21t—  6-21"— Red (2.SYR 4/6) sandy clay loam; moderately medium sub­
angular blocky structure; friable; many thick discontinuous 
clay films on vertical faces, common thin discontinuous on 
horizontal faces; few to many white uncoated sand grains, 
dark red (2.5YR 3/6) clay coatings on some peds; very 
strongly acid; gradual smooth boundary.
B22t—  21-24"— Red (2.SYR 4/6) sandy clay loam; moderately medium sub­
angular blocky structure; friable; few pockets of slightly 
brittle yellowish brown (10YR 5/6) fine sandy loam; many 
thick clay films on large peds, few thin discontinuous clay 
films outside small peds; many white uncoated sand grains; 
very strongly acid; clear smooth boundary.
B3t —  42-70"— Red (10YR 4/6) sandy clay loam; weak medium subangular
blocky structure; very friable; many discontinuous clay 
films; small pockets of yellowish brown (10YR 5/6) fine 
sandy loam 1/4" diameter throughout the horizon; slightly 
brittle in places; very strongly acid; gradual smooth 
boundary.
C —  70-80"— Red (10YR 4/6) fine sandy loam with many white uncoated
sand grains; loose; very friable; very strongly acid.
Ranges in characteristics. —  The Ap horizon is dark brown to yellow­
ish brown fine sandy loam 0 to 6 inches thick.
The B2t horizons range from yellowish red (SYR 4/6) to red (2.5YR
4/8). Texture is sandy clay loam, heavy loam or clay loam. The upper 
six inches of the B horizon ranges to silty clay loam. Reaction is 
strongly acid to very strongly acid.
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LEE MEMORIAL FOREST 
RUSTON SERIES
The Ruston series consists of well drained, moderately permeable 
soils- They have a brown surface and a yellowish red subsoil.
Ruston soil3 occur in large areas on the slopes and convex ridge- 
tops. They have developed in loamy Coastal Plain sediments. They are 
associated with the Benndale and Kalmia soils. Ruston soils are redder
than both of these soils, and more strongly and deeply developed than
the Kalmia soils.
Ruston fine sandy loam, 1 to 3 percent slopes (7B1). —  This is a 
well drained soil. It occurs on the gentle ridgetops, and occupies 144 
acres on the station. The surface layer is dark grayish brown to brown 
fine sandy loam about eight inches thick. The subsoil is a yellowish 
red to red sandy clay loam. Included in the mapping are small areas of 
Benndale fine sandy loam.
Permeability is moderate and surface runoff is medium. Available 
water capacity is moderate. It is medium acid in the surface layer and
ranges to very strongly acid in the subsoil.
Most of this soil is in pine woodland. A small acreage is used 
for Christmas tree research. There are no significant problems affecting 
the use of this soil.
A representative profile of Ruston fine sandy loam, 1 to 3 percent 
slopes, is located on J. G. Lee, Sr. Memorial Forest, 1,650 feet south 
of La. 10 on east side of road.
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Ap —  0-8"— Dark grayish brown (10YR 4/2) fine sandy loam with common
medium faint very dark grayish brown (10YR 3/2) mottles; weak 
coarse subangular blocky structure; friable; medium acid; 
clear wavy boundary.
B&A —  8-13"— 80 percent yellowish red (5YR 5/6) and 20 percent yellow­
ish brown (10YR 5/4) loam; weak medium subangular blocky 
structure; friable; medium acid; gradual smooth boundary.
B21t—  13-29"— Yellowish red (SYR 5/6) clay loam; moderate medium sub­
angular blocky structure; friable; few thick clay films; 
strong acid; clear smooth boundary.
A 12 —  29-37"— Yellowish red (SYR 5/6) fine sandy loam; weak coarse
subangular blocky structure; very friable; few pores; very 
strongly acid; abrupt wavy boundary.
B'2t—  37-57"— Red (2.5YR 5/6) sandy clay loam with common medium
prominent pale brawn (10YR 6/3) mottles; weak coarse sub­
angular blocky structure; friable; many thin clay films; 
very strongly acid; gradual smooth boundary.
C —  57-72"— Yellowish red (5YR 5/8) sandy loam; massive friable;
pockets of yellowish brown (10YR 5/6) sandy loam; very 
strongly acid.
Ruston fine sandy loam, 3 to 8 percent slopes (7CD1). —  This is 
well drained soil that occurs at intermediate elevations between the 
ridgetops and the steeper slopes. It is the most extensive soil on J. G. 
Lee, Sr. Memorial Forest. The surface layer is dark grayish brown fine 
sandy loam about eight inches thick. The subsoil is yellowish red sandy 
clay loam and clay loam. Included are small areas of Benndale soils.
Permeability is moderate and surface runoff is medium to rapid. 
Available water capacity is moderate. It is medium acid In the surface 
layer and very strongly acid in the subsoil.
Most of this soil is in pine woodland. It is suited to most common 
crops, but has a moderate erosion hazard when it does not have a 
vegetative cover.
A representative profile of Ruston fine sandy loam, 3 to 8 percent 
slopes is located on J. G. Lee, Sr. Memorial Forest, 3,600 feet north­
east of headquarters, 2,450 feet northwest of La. 10.
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A1 —  0-8"— Dark grayish brown (10YR 4/2) fine sandy loam with common 
medium faint yellowish brown (10YR 5/6) mottles; massive; 
friable; medium acid; clear wavy boundary.
B&A —  8-10"— 60 percent yellowish red (5YR 4/6) sandy clay loam and 40 
percent yellowish brown (10YR 5/4) fine sandy loam; weak 
coarse subangular blocky structure; friable; few clay films 
in pores; strongly acid; clear smooth boundary.
B21t—  10-18"— Yellowish red (5YR 4/6) clay loam with few fine faint
yellowish brown mottles; moderate medium subangular blocky 
structure; friable; many thin clay films; very strongly 
acid; clear smooth boundary.
B22t—  18-28"— -Yellowish red (5YR 4/6) sandy clay loam; weak medium
subangular blocky structure; friable; few patchy clay films;
very strongly acid; clear smooth boundary.
A'2 —  28-36"— Strong brown (7.SYR 5/6) fine sandy loam with common
medium distinct yellowish red (5YR 5/6) mottles; weak
coarse subangular blocky structure; friable; slightly 
brittle; thin pale brown ped coats; very strongly acid; 
clear wavy boundary.
B'21t—  36-56"— Red (2.SYR 4/6) sandy clay loam with few fine distinct 
yellowish brown (10YR 5/6) mottles; weak medium subangular 
blocky structure; friable; many thin discontinuous clay 
films; very strongly acid; gradual smooth boundary.
B'22t—  56-72"— Yellowish red (SYR 5/8) fine sandy loam; weak medium
subangular blocky structure; friable; few clay films; very 
strongly acid.
Ruston fine sandy loam, 8 to 20 percent slopes (7EF1). —  This is 
a well drained soil that occurs in long bands on the steeper parts of 
the station. Total acreage is about 225 acres. The surface layer is 
very dark grayish brown fine sandy loam about 12 inches thick. The sub­
soil is yellowish red to red sandy clay loam. Included in the mapping 
are small areas with 2 to 4 inches of surface soil and small areas with 
slope less than eight percent.
Permeability is moderate and surface runoff is medium to rapid. 
Available water capacity is moderate. It Is medium acid in the surface 
layer and ranges to very strongly acid in the subsoil.
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All of the acreage is in pine woodland. Most of the- acreage is too 
steep for seedbed preparation for pasture. A severe erosion hazard 
exists when this soil is without a vegetative cover.
A representative profile of Ruston fine sandy loam, 8 to 20 percent 
slopes is located on J. G. Lee, Sr. Memorial Forest, 300 feet northeast 
of the main camp building.
A1 —  0-6"— Very dark grayish brown (10YR 3/2) fine sandy loam, moder­
ate fine granular structure; very friable; few bits of char­
coal; few reddish hard concretions; medium acid; gradual wavy 
boundary.
A2 —  6-10"— Brown (10YR 5/3) fine sandy loam; weak fine granular
structure; very friable; pin holes common; few reddish hard 
concretions; medium acid; gradual wavy boundary.
A&B —  10-12"— About 50 percent brown (10YR 5/3) and 50 percent yellow­
ish red (SYR 5/6) fine sandy loam; weak medium subangular 
blocky structure; friable; few reddish hard concretions; 
strongly acid; abrupt smooth boundary.
B2t —  12-25"— Yellowish red (5YR 5/6) sandy clay loam with slightly
less clay in upper part; weak medium and coarse subangular 
blocky structure; friable; few patchy clay films, sand 
grains coated and bridged with clay, few reddish hard 
concretions; very strongly acid.
B3t —  25-36"— Yellowish red (5YR 5/8) light sandy clay loam; very weak
coarse subangular blocky structure; friable; a few red 
(2.SYR 6/4) splotches or very soft concretions; some bridg­
ing of sand grains with clay; very strongly acid.
B3&A'2—  36-51"— About 60 percent yellowish red (SYR 5/6) light sandy 
clay loam and 40 percent light yellowish brown (10YR 6/4) 
fine sandy loam; friable; few reddish soft to hard con­
cretions; very strongly acid.
B'2t—  51-66"— Red (2.SYR 4/8) sandy clay loam with yellowish brown
(10YR 5/6) mottles; patchy clay films; sand grains coated 
and bridged with clay; very strongly acid.
t
B f3 —  66'M— Strong brown (7.5YR 5/8) fine sandy loam, very friable;
very strongly acid.
Range in characteristics. —  The A1 horizon ranges from very dark 
grayish brown (10YR 3/2) to brown (10YR 5/3). The A2 horizon ranges
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from brown (10YR 5/3) to light yellowish brown (10YR 6/4). The B 
horizons range from yellowish red (5YR 5/6) to red (2.5YR 4/8). Texture 
is sandy clay loam, clay loam or loam. Reaction is medium acid to 
strongly acid in the surface layers and very strongly acid in the sub­
soil.
JOHNSTON SERIES
The soils of the Johnston series have thick black surface layers 
and gray subsoils. They are very poorly drained, have a permanent high 
water table, and are slowly permeable.
Johnston soils occupy low elevations in drain heads. They are 
associated with the Ruston and Bibb soils. Johnston soils are more 
poorly drained than the Ruston soils. They are slightly more poorly 
drained than the Bibb soils and have higher organic matter contents.
Johnston soil, frequently flooded (3A1). —  This is a very poorly 
drained soil. It occurs at low elevations in small drainageways. It 
has a permanently high water table and is saturated to the surface during 
most of the year. The surface layer is black mucky loam about 24 inches 
thick. The underlying layers are gray to black fine sandy loam or clay 
loam. Included in the mapping are small areas of Bibb and Ruston soils.
Permeability is slow and the surface runoff Is very slow. Available 
water capacity is moderate. The high water table and accumulation of 
water from adjacent slopes preclude the use of this soil for cultivation. 
The extreme wetness contributes to the accumulation of organic material 
at the surface. The soil is very strongly acid in the surface and 
ranges to strongly acid in the underlying layers.
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All of the soil is in woodland, although some species are limited
by wetness and flooding. It is poorly suited to pasture.
A typical profile of Johnston mucky loam in an area of Johnston
soils, frequently flooded, is located .95 mile northeast of main camp
building, 50 feet east of camp road on J. G. Lee, Sr. Memorial Forest.
All —  0-4"— Black (N/2) mucky loam; weak fine granular structure;
friable; many roots; very strongly acid; boundary clear; 
smooth.
A12 —  4-24"— Black (N/2) mucky loam; weak coarse subangular blocky
structure; friable; many worm casts; very strongly acid; 
boundary gradual, smooth.
A13 —  24-30"— Black (N/2) fine sandy loam with streaks of gray (10YR
6/1) massive; friable; few small gravel; strongly acid; 
boundary gradual, wavy,
Cg —  30-60"— Gray (10YR 6/1) clay loam with many fine, prominent
strong brown (7.5YR 5/8) mottles; massive; friable; 
strongly acid.
Range in characteristics. —  The A horizons range from black (N/2) 
to very dark grayish brown (10YR 3/2). Thickness ranges from 10 to 40 
inches. Texture ranges from mucky loam to fine sandy loam. The C 
horizon ranges from gray (5YR 5/1) to light gray 10YR 7/1). Texture is 
loam, fine sandy loam or clay loam. The reaction of the surface and 
subsoil ranges from strongly acid to very strongly acid.
APPENDIX B
Changes in Soil Elevation (cm) Between Sampling Periods for Individual
Plots on Idlewild Experiment Station and Lee Memorial Forest.
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Table 17. Changes In soli elevation (cm) between sampling periods for slope positions on plots on Idlewild
Experiment Station
P P Differences between sampling periods
L 0 
T S
D1 D2 D3 p4 D5 D6 P7 D8 D9 D10 Dll D12 D13 D14 D15 D16
1 A -0.35 0.47 -0.25 0.14 20.00 -0.24 -0.05 0.38 -0.05 -0.03 -0.21 -0.16 0.07 20.00 0.06 0.02
1 B -0.49 0.37 0.07 -0.33 -0.23 0.38 -0.03 0.00 -0.03 -0.01 -0.10 -0.05 0.12 -0.17
1 C 0.42 -0.17 -0.47 0.32 0.01 -0.16 0.54 -0.05 - o . o i -0.11 -0.06 -0.07 0.16 -0.26
2 A 0.28 0.36 -0.41 0.55 0.46 -0.86 0.20 0.05 -0.07 -0.20 -0.24 0.06 -0.01 -0.12
2 B 0.19 0.08 -0.07 0.48 -0.26 0.24 0.00 -0.09 -0.16 -0.09 -0.47 0.03 0.16 -0.05
2 C -0.31 0.20 0.22 -0.10 0.11 0.02 -0.15 0.00 -0.20 -0.24 -0.19 0.03 0.22 -0.16
3 A -0.02 0.19 0.21 -0.17 -0.30 0.18 -0.16 0.15 0.12 -0.03 -0.02 -0.15 0.09 0.00
3 B 0.30 0.25 -0.03 0.18 -0.30 0.03 -0.14 0.24 0.24 -0,01 -0.22 -0.38 0.17 0.12
3 C -0.16 0.39 -0.28 0.32 -0.88 0.82 -0.41 0.12 -0.96 0.78 -0.06 0.18 -0.01 0.00
4 A 0.37 -0.33 0.00 0.25 0.03 0.06 0.00 0.13 0.08 -0.05 0.04 -0.17 -0.01 -0.11
4 B 0.43 0.16 -0.17 0.32 0.02 -0.30 0.08 0.04 0.02 0.00 -0.02 -0.08 0.17 -0.56
4 C 0.22 -0.05 -0.24 0.45 0.12 -0.20 0.20 -0.01 -0.01 -0.07 -0.10 0.06 0.24 -0.61
6 A -0.03 0.07 0.03 0.27 0.07 -0.36 -0.12 0.11 0.15 -0.02 -0.02 -0.03 0.09 -0.01
6 B 0.07 -0.11 -0.11 0.65 -0.56 0.14 -0.12 0.15 0.13 -0.02 -0.05 -0.34 0.22 0.01
6 C -0.53 0.10 0.14 0.10 0.21 -0.17 -0.38 0.01 0.01 -0.02 -0.07 0.00 -0.03 -0.02
7 A 0.35 0.22 -0.16 0.11 0.00 0.30 -0.08 0.19 0.04 0.01 -0.04 -0.07 0.14 -0.31
7 B 0.23 0.21 -0.17 -0.05 -0.16 0.27 0.04 -0.02 -0.03 -0.03 -0.02 0.15 -0.05 0.00
7 C 0.47 0.10 0.34 -0.62 0.15 0.17 -0.08 -0.01 -0.06 0.00 -0.01 0.36 0.09 -0.52
9 A 0.28 0.26 -0.21 -0.15 -0.12 0.59 0.04 0.08 0.01 -0.03 -0.04 -0.04 -0.20 -0.13
9 B -0.06 0.08 0.22 -0.27 -0.26 0.29 -0.14 0.12 0.11 0.00 0.00 0.01 -0.20 -0.05
9 C 0.05 0.26 0.02 -0.30 0.05 0.05 0.21 -0.11 0.13 -0.03 0.00 0.09 -0.18 -0.08
11A 0.22 -0.07 0.43 -0.31 0.00 -0.53 0.44 0.05 0.03 -0.09 -0.11 0.07 0.01 0.00
11B 0.19 -0.38 -1.17 1.52 -0.06 0.03 0.01 -0.11 -0.12 0.08 -0.07 0.14 -0.05 0.14
lie 0.44 -0.06 -1.21 1.50 -0.21 -0.32 -0.03 0.02 -0.05 -0.01 -0.06 -0.08 0.04 0.06
1 2
PLT = Plot; Data missing due to a lack of rainfall before the sampling period.
POS = Position.
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Table 18, Changes In soil elevation (cm) between sampling periods for slope positions on plots at Lee
Memorial Forest
p p Differences -between sampling periods
L 0 
T S
D1 D2 D3 D4 D5 D6 D7 D8 D9 P10 Dll D12 D13 D14 D15 D16
2 A 0.23 0.00 -0.07 0.00 0.07 20.00 0.02 -0.48 0.34 20.00 0.51 -0.08 -0.07 -0.30 0.20 0.17
2 B 0.49 0.18 0.01 -0.11 0.12 0.03 -0.16 0.22 0.11 -0.04 -0.02 -0.30 0.26 0.24
2 C 0.41 -0.30 0.07 0.01 0.13 -0.24 -0.17 0.21 0.06 0.03 0.14 -0.23 0.01 0.03
4 A 0.19 -0.43 0.04 0.05 -0.12 -0.06 0.17 -0.15 0.07 -0.06 -0.07 0.08 0.00 0.03
4 B 0.06 -0.09 0.17 -0.24 0.12 -0.01 -0.07 0.33 -0.04 -0.07 -0.20 -0.34 0.17 0.05
4 C 0.07 0.03 -0.14 -0.02 0.12 0.02 -0.08 0.24 -0.24 -0.02 -0.12 -0.14 -0.08 0.14
5 A 0.64 0.12 0.01 -0.34 0.41 -0.25 -0.58 0.33 0.18 0.00 0.00 -0.80 0.37 0.13
5 B 0.30 -0.05 -0.14 0.02 0.06 -0.26 0.62 -0.74 0.34 0.05 0.04 0.10 0.06 0.07
5 C -0.01 0.03 0.68 0.09 -0.01 0.70 -0.26 0.19 0.53 0.09 0.06 -0.41 0.20 0.18
6 A 0.23 0.12 0.00 0.02 0.02 0.01 -0.11 0.12 -0.04 -0.05 -0.12 0.93 -0.36 -0.51
6 B 0.09 -0.22 0.09 0.02 0.14 0.17 -0.20 0.04 0.11 0.00 -0.02 0.31 -0.06 -0.24
6 C 0.32 -0.34 0.19 -0.13 0.15 -0.25 -0.03 0.14 0.02 0.04 0.03 -0.69 0.50 0.12
7 A 0.20 0.04 0.30 -0.20 0.21 0.09 -0.33 0.26 0.27 -0.02 -0.06 -0.48 0.25 0.25
7 B 0.37 -0.04 0.05 -0.03 -0.01 0.00 -0.15 0.10 0.62 -0.19 -0.34 -0.34 0.17 0.14
7 C 0.17 0.06 0.05 0.19 -0.04 -0.23 -0.03 0.05 0.45 -0.06 -0.07 -0.73 0.22 0.20
8 A -0.09 0.19 -0.02 0.09 -0.05 0.12 -0.14 -0.04 0.37 -0.02 -0.01 -0.21 0.19 0.19
8 B 0.15 0.00 -0.16 0.13 -0.08 0.04 -0.08 0.03 0.08 -0.01 0.01 -0.20 0.16 0.11
8 C 0.02 -0.11 0.11 -0.26 0.07 -0.06 -0.21 -0.06 -0.21 0.32 -0.21 -0.13 0.21 0.09
11A -0.05 0.24 0.00 -0.13 0.21 -0.02 -0.41 0.65 0.04 -0.10 -0.11 -0.35 0.06 0.20
11B 0.00 0.08 0.08 -0.18 0.38 -0.02 -0.08 0.08 0.08 0.01 -0.07 -0.22 -0.03 -0.01
11C 0.00 0.27 -0.17 0.16 -0.12 0.04 0.21 -0.55 0.49 -0.01 -0.04 -0.51 0.11 0.12
12A 0.07 0.15 0.00 -0.08 0.04 -0.06 -0.19 0.20 -0.10 -0.10 -0.10 0.18 0.08 0.09
12B 0.02 0.15 -0.09 0.21 0.53 -0.65 -0.09 0.00 -0.19 0.03 0.05 -0.22 0.04 0.05
12C 0.00 0.11 0.29 -0.08 0.23 -0.28 -0.15 0.01 0.03 -0.05 -0.06 -0.35 0.18 0.16
PLT = Plot; Data missing due to a lack of rainfall before the sampling period.
POS = Position.
APPENDIX C
Topographic Position and Distance Between Erosion Measurement Stakes for 
Slope Erosion on Treatment Plots on Idlewild Experiment Station
and Lee Memorial Forest.
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Table 19. Topographic position, percent slope, and distance between
measurement stakes for slope erosion on treatment plots on
Idlewild Experiment Station
Treatment Measurement Slope Percent Distance between
and Plot stakes direction slope measurement stakes





1A to IB N 12 16.1
IB to 1C 15 13.7
2A to 2B S 13 22.8
2B to 2C 11 21.0
3A to 3B sw 11 27.1
3S to 3C 9 24.9
4A to 4B s 11 36.4
4B to 4C 10 42.9
5A to 5B w 9 43.8
5B to SC 9 47.8
6A to 6B SE 12 26.5
6B to 6C 9 32.6
1A to IB s 3 13.1
IB to 1C 5 10.6
2 k to 2B NW 4 16.4
2B to 2C 10 10.0
3A to 3B NW 7 21.6
3B to 3C 1 9.7
4A to 4B NW 4 20.1
4B to 4C 5 18.5
5A to SB S 1 31.3
SB to SC 2 24.6
6A to 6B SW 3 21.3
6B to 6C 4 24.3
1A to IB w 6 49.6
IB to 1C 6 39.3
2A to 2B SE 6 18.8
2B to 2C 8 8.5
3A to 3B NW 6 23.1
3B to 3C 6 17.0
4A to 4B S 6 36.5
4B to 4C 5 32.9
5A to 5B SE 7 18.2
SB to SC 9 14.0
6A to 6B S 5 28.0
6B to 6C 7 27.1
1A to IB W 8 49.9
IB to 1C 7 50.2
2A to 2B s 8 35.9
2B to 2C 6 41.1
3A to 3B w 8 41.1
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Table 19. (Continued)
Treatment Measurement Slope Percent Distance between
and Plot stakes direction slope measurement stakes
Number identification in m
3B to 3C 10 35.3
4A to 4B NW 7 53.6
4B to 4C 5 35.0
5A to 5B N 9 40.2
5B to 5C 9 32.9
6A to 6B W 6 33.5
6B to 6C 4 34.4
Shelterwood (2) 1A to IB W 11 23.7
IB to 1C 13 20.7
2A to 2B NE 8 32.0
2B to 2C 9 24.3
3A to 3B NW 8 25.2
3B to 3C 8 21.0
4A to 4B E 9 28.3
4B to 4C 10 21.0
5A to 5B S 9 33.8
5B to 5C 9 32.9
6A to 6B N 13 21.9
6B to 6C 12 22.5
Shelterwood (9) 1A to IB NW 18 50.2
IB to 1C 13 57.3
2A to 2B W 16 52.4
2B to 2C 11 49.6
3A to 3B W 15 26.2
3B to 3C 9 43.5
4A to 4B NW 10 28.3
4B to 4C 12 26.5
5A to 5B NW 6 28.6
5B to 5C 8 20.7
6A to 6B W 8 32.6
6B to 6C 6 35.9
Selection (3) 1A to IB E 6 19.8
IB to 1C 6 18.2
2A to 2B NW 8 22.8
2B to 2C 7 24.3
3A to 3B NE 8 16.7
3B to 3C 8 19.8
4A to 4B N 4 20.1
4B to 4C 5 22.5
5A to 5B S 7 32.3
5B to 5C 8 34.1
Table 19. (Continued)
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Treatment Measurement Slope Percent Distance between
and Plot stakes direction slope measurement stakes
Number identification in m
6A to 6B S 7 33.5
6B to 6C 7 36.5
(6) 1A to IB NE 5 20.7
IB to 1C 4 24.9
2A to 2B E 4 35.0
2B to 2C 5 29.8
3A to 3B E 3 26.5
3B to 3C 4 18.2
4A to 4B SW 5 37.5
4B to 4C 7 36.2
5A to 5B S 7 43.5
5B to 5C 7 40.2
6A to 6B s 9 34.1
6B to 6C 9 34.4
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Table 20. Topographic position, percent slope, and distance between










Percent Distance between 
slope measurement, stakes 
in m
Clearcut (2) 1A to IB N 19 10.6
IB to 1C 21 7.9
2A to 2B S 12 15.2
2B to 2C 16 14.6
3A to 3B S 7 32.9
3B to 3C 11 32.3
4A to 4B S 6 27.1
4B to 4C 8 37.1
5A to SB W 8 38.4
5B to 5C 11 62.1
6A to 6B w 7 38.4
6B to 6C 12 39.6
Clearcut (5) 1A to IB s 10 28.6
IB to 1C 8 24.9
2A to 2B NW 10 35.3
2B to 2C 8 31.6
3A to 3B W 7 45.4
3B to 3C 4 39.6
4A to 4B SW 7 42.0
4B to 4C 6 36.2
5A to SB NE 10 25.9
SB to SC 9 24.9
6A to 6B NW 13 35.9
6B to 6C 12 40.2
Seed-tree (4) 1A to IB NE 12 25.2
IB to 1C 12 21.9
2A to 2B SW 9 23.4
2B to 2C 15 26.5
3A to 3B W 9 29.8
3B to 3C 13 20.4
4A to 4B S 12 52.1
4B to 4C 12 30.4
5A to SB SE 8 53.0
SB to SC 13 42.0
6A to 6B SW 13 35.9
6B to 6C 16 45.7
Seed-tree (8) 1A to IB SW 7 56.6
IB to 1C 11 44.5
2A to 2B w 6 20.1
2B to 2C 10 21.9
















3B to 3C 11 37.7
4A to 4B S 11 '31.6
4B to 4C 15 24.6
5A to 5B SW 6 51.2
5B to 5C 8 60.0
6A to 6B W 8 39.3
6B to 6C 14 27.7
Shelterwood (6) 1A to IB SE 4 35.9
IB to 1C 4 36.5
2A to 2B N 8 53.6
2B to 2C 8 43.2
3A to 3B SW 10 20.7
3B to 3C 9 19.5
4A to 4B NE 11 29.5
4B to 4C 17 32.0
5A to 5B N 13 40.8
5B to 5C 20 25.6
6A to 6B NE 11 36.8
6B to 6C 11 22.8
Shelterwood (11) 1A to IB SW 7 41.7
IB to 1C 12 51.8
2A to 2B SW 6 45.7
2B to 2C 11 53.0
3A to 3B NW 12 39.3
3B to 3C 9 ■45.7
4A to 4B NW 15 32.0
4B to 4C 12 20.7
5A to 5B NW 7 61.8
5B to 5C 3 40.8
6A to 6B NW 10 50.5
6B to 6C 4 40.2
Selection (4) 1A to IB SW 8 20.7
IB to 1C 12 23.1
2A to 2B SW 6 29.8
2B to 2C 10 22.2
3A to 3B W 4 15.8
3B to 3C 13 11.8
4A to 4B. . NE 13 24.6
4B to 4C 12 28.0
5A to 5B NE 12 23.7
5B to 5C 19 21.6
Table 20. (Continued)
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Treatment Measurement Slope Percent Distance between
and Plot stakes direction slope measurement stakes
Number identification in m
Selection (12)
6A to 6B SW 17 24.6
6B to 6C 14 21.0
1A to IB N 7 36.2
IB to 1C 18 24.9
2A to 2B W 14 15.8
2B to 2C 9 11.2
3A to 3B N 4 14.0
3B to 3C 15 10.3
4A to 4B SW 8 21.6
4B to 4C 9 17.0
5A to 5B s 4 17.0
5B to 5C 6 22.2
6A to 6B s 1 17.3
6B to'6C 3 16.4
APPENDIX D
Estimated Litter Cover on Ground Beneath Soli Measurement Stakes After
Logging on Idlewild Experiment Station and Lee Memorial Forest.
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Table 21. Estimated cover of litter on ground beneath soil measurement
stakes after logging on Idlewild Experiment Station
Structure _________________Treatment and Plot Number______________
Position Clearcut Seed-tree Shelterwood Selection
and Slope (1) (11) (4) (7) (2) (9) (3) (6)
Cover Class^
1A 3 2 2 1 3 2 4 3
IB 2 4 2 2 3 3 4 1
1C 3 4 2 3 4 4 3 3
2A 4 1 2 3 3 2 4 4
2B 2 1 2 3 3 3 3 4
2C 1 2 2 2 4 4 3 4
3A 3 2 3 3 3 2 4 4
3B 3 2 2 4 3 3 4 4
3C 2 3 2 4 3 4 4 4
4A 4 1 2 3 4 1 4 4
4B 3 1 2 3 4 1 4 4
4C 4 1 2 4 4 1 3 3
5A 4 1 2 1 4 3 4 3
5B 4 1 2 3 4 3 4 3
5C 3 1 2 3 3 1 4 4
6A 3 1 2 1 4 2 4 4
6B 3 1 3 1 4 2 4 4
6C 3 4 4 4 4 4 4 4
1 = 0-25 percent of the ground covered;
2 = 25-50 percent of the ground covered;
3 = 50-75 percent of the ground covered;
4 = 75-100 percent of the ground covered.
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Table 22. Estimated cover of litter on ground beneath soil measurement
stakes after logging on Lee Memorial Forest














1A 1 1 1 3 1 4 4 4
IB 1 1 2 2 2 4 3 4
1C 4 4 2 4 3 4
2A 1 1 1 2 2 4 1 3
2B 1 1 1 2 2 4 1 3
2C 1 1 4 4 4 4 4 2
3A 1 1 4 4 1 4 4 2
3B 1 1 3 3 1 4 4 2
3C 1 1 2 3 3 4 4 2
4A 1 1 1 2 4 4 4 4
4B 1 1 1 2 3 4 3 4
4C 1 1 1 4 4 4 4 4
5A 1 1 1 3 2 2 4 4
5B 1 1 1 4 ' 3 2 4 4
5C 1 1 1 4 4 2 4 3
6A 1 1 1 3 2 2 4 4
6B 1 1 2 3 4 . 2 4 4
6C 1 1 4 3 4 2 4 2
1 ~  0-25 percent of the ground covered;
2 = 25-50 percent of the ground covered;
3 = 50-75 percent of the ground covered;
4 = 75-100 percent of the ground covered.
APPENDIX E
Common and Scientific Names of Plant Species Found on the Research




Table 23. Common and scientific names of trees, shrubs, vines, and her­
baceous plants found on plots on Idlewild Experiment Station






























Butterfly pea 2 4
Candleberry 12 4
Carolina buckthorn 1
Climbing hemp 2 4
Devils-walkings tick 123
Evergreen bayberry 34
























Sassafras albidum (Nutt.) Nees. 
Magnolia grandiflora L.
Oxydendrum arboreum (L.) DC. 
Quercus michauxii Nutt.






Cephalanthus occidentalis L. 
Centrosema virginianum (L.) Benth. 
Sebastiana ligustrina (Michaux.) 
Muell-Arg.
Rhamnus caroliniana Walt.
Mikania scandens (L.) Willd.
Aralia spinosa L.
Myrica heterophylla Raf.
Illicium floridanum Ellis 
Callicarpa americana L.
Ilex glabra (L.) Gray 
Ilex coriacea (Pursh) Chap.
Smilax laurifolia L.














Morning glory spp. 2




























Yellow passion flower 2 4

















Berchemia scandens (Hill) K. Koch.
Aescuius pavia L.
Persea borbonia (L.) Spreng.
Sorbus arbutifloia (L.) Heynhold 
Rhus copallina L.





Symplocos tinctoria (L.) L'Her. 
Jacquemontla tamnifolia (L.) Griesb. 
Campsis radicans (L.) Seemann 
Parthencocissus quinquefolia (L.) 
Planchon
Itea virginica L.
Rhododendron viscosum var. serrulatum 
(Small) Ahles.
Vitis spp.
Rhododendron canescens (Michaux) Sweet 
Hamamells virginiana L.
Ilex vomltoria Ait.









Common Name Scientific Name
Bedstraw 1234 Galium hispidulum Michaux
Beggar tick 2 4 Desmodium spp.
Blackberry 1234 Rubus spp.
Black-eyed susan 4 Rudbeckia hlrta L.
Black nlght-shade 2 Solanum nigrum L.
Boneset 1234 Eupatorium perfoliatum L.
Bracken fern 2 4 Pteridium aquilinum (L.) Kuhn.
Bull nettle . 1 34 Cnidoscolus stimulosus Michx.
Buttercup 2 4 Ranunculus spp.
Candy root 234 Polygala nana (Michaux) DC.
Christmas fern 2 4 Osmunda cinnamomea L.
Coralbean, Southeastern 12 Erythrina herbacea L.
Coreopsis major 34 Coreopsis major Walt.
Doellingeria umbellata 4 Aster umbellatus var. umbellatus 
Miller
Elephant's-foot 1234 Elephantopus tomentosus L.
Eupatorium serotinum 2 Eupatorium serotinum Michaux
Eupatorium spp. 1 34 Eupatorium spp.
False dandelion 2 Pyrrhopappus carolinianus (Walter) DC.
False foxglove 4 Aureolaria dispersa (Small) Pennel
False nettle 2 Boehmeria cylindrica (L.) Swartz
Gayfeather 34 Liatris spp.
Ginger, Wild 4 Hexastylia arifolia (Michx.) Small
Goldenrod spp. 234 Solidago spp.
Green-Adders-mouth orchid 1 3 Malaxis unifolia Michx.
Groundcherry 2 4 Physalis angulata L.
Hedge-hyssop 2 Gratiola brevlfolia Raf.
Horse-nettle 2 Solanum carolinense L.
Horse weed 2 4 Erigeron canadensis L.
Indian pink 4 Arisaema triphyllum (L.) Schott
Ironweed 2 4 Vemonia altissima Nuttall
Jewel-weed 2 Impatiens capensis Meerb.
Joe-pye-weed 4 Eupatorium fistulosum Baratt
Legume spp. 2 4 Fabacea (Family)
Lespedeza spp. 2 4 Lespedeza spp.
Lythrum lineare 2 4 Lythrum lineare L.
Lobelia spp. 2 4 Lobelia spp.
Mallow, White 4 Hibiscus aculeatus Walter
May-apple 12 Podophyllum peltatum L.
Mecardonia spp. 2 Mecardonia acuminata (Walter) Small
Meadow beauty spp. 4 Rhexia spp.
Mint spp. 2 4 Lamicacea (Family)
Mock strawberry 2 Duchesnea indica (Andr.) Focke.
Mountain mint 2 4 Pycananthemum incanum (L.) Michaux
Mist flower 12 4 Eupatorium coelestlnum L.
Narrow-leaved vetch 1 3 Vicia anugustifolia L.
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Table 23. (Continued)
Common Name Scientific Name
Nightshade spp. 4 Solanum spp.
Noseburn 4 Tragia smallii Shinners
Onion, Wild 4 Allium arenicola Small
Onosmodium virginianum 4 Onosmodium virginianum (L.) A. DC.
Partridge pea 1234 Cassia fascicilata Michx.
Partridge berry 1234 Mitchella repens L.
Pencil flower 2 4 Stylosanthes biflora (L.) BSP.
Penny wort 2 Hydrotoctyle spp.
Petunia, Wild 2 4 Ruellia caroliniensis (Walter) Steudel
Phlox 2 4 Phlox pilosa L.
Pink foxglove 2 Agalinis fasciculata (Ell.) Raf.
Pin-weed 4 Lechea mucronata Raf.
Poke weed 2 4 Phytolacca americana L.
Polypremum procumbens 2 4 Polypremum procumbens L.
Poppy-mallow 4 Callirhoe papaver (Cav.) Gray
Poor-joe 2 4 Diodia teres Walter
Purple cudweed 2 4 Guaphalium purpureum L.
Rabbit tobacco 2 4 Guaphalium obtusifolium L.
Ragweed, Common 2 4 Ambrosia artemisiifolia L.
Rattlebox 2 4 Crotolaria sagittails L.
Red trillium 12 Trillium cuneatum Raf.
Rhyncosia reniformis 34 Rhyncosia reniformis DC.
Rhyncosia latifolia 12 4 Rhyncosia latifolia (Nutt.) T. & G.
Richardia spp. 4 Richardia scabra L.
Roundleaf thoroughwort 1234 Eupatorium rotundifolium L.
Salvia lyrata 2 Salvia lyrata L.
St. John's-wort spp. 1234 Hypericum spp.
Sensitive briar, Pink 34 Schrankia microphylla (Sm.) Macbr.
Sensitive fern 4 Onoclea sensibilis L.
Silkweed 2 4 Heterotheca graminifolia (Michaux) 
Shinners
Smartweed, Pink 2 Polygonum pensylvanicum L.
Smartweed, Hydro 2 Polygonum hydropiproides Michaux
Smartweed, Punctatum 2 Polygonum punctatum Ell.
Snakeroot 2 Sanicula canadensis L.
Southern grape fern 2 4 Botrychium biternatum (Sav.) Underwood
Spanish needles spp. 2 Bidens spp.
Spurge, Flowering 34 Euphorbia corolata L.
Spurge spp. 1 34 Euphorbia spp.
Skullcap 234 Scutellaria elliptica Muhl.
Strawberry bush 12 Euonymus americanus L.
Spiney-leaved sow thistle 4 Sonchus asper (L.) Hill
Sundews spp. 4 Drosera spp.
Sunflower spp. 2 4 Helianthus spp.
Sulfur plant 2 4 Pluchea spp.
Swamp thistle 2 Canduus muticus (Michaux) Persoon
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Table 23. (Continued)
Common Name Scientific Name
Tephrosia florida 1234 Tephrosia florida (Dietrich) C.E. Wood.
Tephrosia hispidula 4. Tephrosia hispidula (Michaux) Persoon
Tephrosia spicata 2 Tephrosia spicata (Walter) T. & G.
Tephrosia virginiana 4 Tephrosia virginiana (L.) Persoon
Tephrosia spp. 1 34 Tephrosia spp.
Thistle spp. 1 34 Carduus spp.
Three-seeded mercury 2 4 Acalypha gracileus Gray
Verbesina spp.. 2 Verbesina spp.
Vicca spp. 1 3 Vicca spp.
Violet spp. 1234 Violet spp.
Waxweed 2 4 Cuphea carthagensis (Jacquin) Macbride
Water primrose 2 4 Ludwigia spp.
White milkweed 4 Asclepias humistrata Walt.
White thoroughwort 4 Eupatorium album L.
Wild lettuce 2 4 Lactuca scariola L.
Yankee weed 2 4 Eupatorium capillifolium (Lam.) Small
Yellow woodsorrel 1234 Oxalis stricta L.
Grasses and grass-likes
Broomsedge 2 4 Andropogon spp.
Carex spp. 2 4 Carex spp.
Cyperus spp. 2 4 Cyperus spp.
Grass, Unidentified 1234 Poaceae (Family)
Juncus spp. 2 4 Juncus spp.
Panicum spp. 2 4 Panicum spp.
Paspalum spp. 4 ’ Paspalum spp.
Plume grass 4 Erianthus spp.
Spike-rush spp. 34 Eleocharis spp.
Switch-cane 1234 Arundinaria gigantea (Walter) Muhl.
Uniola spp. 2 4 Uniola spp.
Vasey grass 4 Paspalum urvillei Steudel
1 = Plant present on Idlewild Experiment Station plots before logging;
2 = Plant present on Idlewild Experiment Station plots after logging;
3 = Plant present on Lee Memorial Forest plots before logging;
4 = Plant present on Lee Memorial Forest plots after logging.
2
Scientific names of the plant taxa were taken from the works of Brown 
(1972), Correll and Johnston (1970), and Radford et al. (1968).
APPENDIX F
Plant Data Analyses for the Treatment Plots on Idlewild Experiment 




Table 24a. March understory composition in clearcut plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
Before After Before After Before Af tei
Yaupon 6.2 1.8 19.2 4.1 59 37
Partridge berry 3.3 2.1 10.4 4.8 67 37
Oak spp. 3.0 1.5 9.3 3.5 60 32
Grass (Unidentified) 2.9 3.1 9.2 7.1 60 63
Blackberry 1.6 2.0 5.0 4.5 33 40
Yellow jesamine 1.5 4.8 31
Red trillium 1.3 .6 4.2 1.3 27 12
Violet spp. 1.3 2.7 4.2 6.2 27 56
Black cherry 1.0 .5 3.3 1.2 22 15
Dwarf greenbriar .9 2.7 18
Japanese honeysuckle .8 .8 2.5 1.8 16 10
Cross vine .7 .4 2.3 1.0 15 9
Flowering dogwood .7 1.4 2.2 3.1 14 28
American holly .6 .2 1.8 .6 36 6
Sweetbay .6 .2 1.8 .6 36 6
Unknown vegetation .6 3.8 1.8 8.7 7 77
Cat greenbriar .5 .1 1.8 .3 12 3
Christmas fern .5 .2 1.5 .6 33 6
Huckleberry spp. .5 .7 1.5 1.7 33 15
Pine .4 .4 1.4 1.0 9 9
Candleberry .4 1.3 3
American eldberberry .4 .9 1.3 2.1 3 19
May apple .2 .8 .9 1.9 6 12
Red buckeye .2 .8 .9 2.0 6 9
Bamboo greenbriar .1 .5 3
Switch-cane .1 .5 33
Lanceleaf greenbriar .1 .4 3
Sparkleberry, Tree .1 .1 .4 .3 3 3
Strawberry bush .1 .4 3
Southern bayberry .1 .1 .4 .3 3 3
Buckthorn .1 .4 3
Panicum spp. 3.4 7.8 69
Red maple 1.6 3.7 33
Poison ivy 1.2 2.8 25
Purple cudweed 1.2 2.7 24
Virginia creeper 1.0 2.2 20
Yellow woodsorrel .9 2.2 19
French mulberry .7 1.7 15
Wild grape .7 1.7 15
Devils-walkingstick .5 1.1 10
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Table 24a. (Continued)
Common Name Average Cover





Before After Before After Before After
American hornbeam .5 1.1 10
Goldenrod spp. .4 1.0 9
Poke weed .4 .9 9
Black tupelo .3 .7 6
Buttercup .3 .7 6
Eastern hophornbeam .3 .7 6
Hickory spp. .3 .7 6
Parsley hawthorn .3 .7 6
Sweetgum .3 .7 6
Witch-hazel .3 .7 6
Yellow poplar .3 .7 6
Saw greenbriar .2 .6 6
Hawthorn spp. .2 .6 6
Ironweed .2 .6 6
Mock strawberry .2 .6 6
Aster spp. .1 .3 3
Bedstraw .1 .3 3
Hedge-hyssop .1 .3 3
Snowbell, American .1 .3 3
Rattan vine .1 .3 3
Thistle spp. .1 .3 3
Winged elm .1 .3 3
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Table 24b. March understory composition in seed-tree plots on Idlewild
Experiment Station before and after logging
Common Name Average Cover




Before After Before After Before After
Yaupon 7.4 1.6 20.7 3.3 45 33
Japanese honeysuckle 6.2 3.4 17.5 6.9 58 37
Grass (Uidentified) 3.7 2.2 10.5 .4 75 4
Pine 2.7 1.5 7.6 .6 54 30
Southern bayberry 2.6 .6 7.4 .2 22 12
Blackberry 2.4 3.6 6.7 7.4 36 72
Oak spp. 1.8 2.2 5.0 4.6 36 45
Sweetleaf 1.6 .2 4.5 .6 14 6
Yellow jessamine 1.4 .7 4.1 .3 30 15
Partridge berry 1.3 1.6 3.9 3.3 22 33
Dwarf greenbriar .9 .4 2.5 .9 18 9
Lanceleaf greenbriar .9 2.5 18
Bamboo greenbriar .5 1.6 12
American holly .4 1.3 3
Violet spp. . 4 1.1 1.2 .4 9 23
Cat greenbriar .2 .4 .8 .1 6 9
Sparkleberry, Tree .2 .1 .8 .2 6 3
Unknown vegetation .2 3.6 .8 .7 7 72
SweetguA 2.5 5.2 51
Virginia creeper 2.2 4.6 45
Panicum spp. 2.2 4.6 45
Poison ivy 1.8 3.8 25
Flowering dogwood 1.7 3.4 34
Black cherry 1.6 3.4 34
Yellow woodsorrel 1.6 3.3 33
Huckleberry spp. 1.0 .4 21
Wild grape 1.0 .4 21
Winged elm .9 .3 19
Red maple .7 .3 15
Goldenrod spp. .7 .3 15
Spurge spp. .7 .2 14
Black tupelo .6 .2 12
Devils-walkingstick .6 .2 12
French mulberry .5 .2 12
Eupatorium spp. .4 .9 9
Cross vine -.4 .9 9
Virgin's-bower .3 .6 6
Aster spp. .2 . 6 6
Greenbriar spp. .2 . 6 6
Purple cudweed .2 .6 6
St. John's-wort spp. .2 .6 6
Christmas fern .1 .3 3




Common Name Average Cover Understory Frequency
______________________________________________Vegetation_________________
• -----------     Percent--- - -------
Before After Before After Before After
Hawthorn spp. .1 .3 3
Parsley hawthorn .1 .3 3
Thistle spp. .1 .3 3
Mountain mint .1 .2 3
Phlox .1 .2 3
Sassafras .1 .2 3
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Table 24c. March understory composition in shelterwood plots on
Idlewild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
Before After Before After Before Aftei
Yaupon 9.8 1.6 27.6 3.9 69 33
Sweetleaf 3.3 1.5 9.5 3.5 14 30
Partridge berry 3.2 .6 9.1 1.5 65 13
Grass (Bnidentified) 2.7 1.3 7.6 3.0 54 26
Yellow jessamine 2.2 1.1 6.4 2.6 42 22
Oak spp. 2.0 2.2 5.7 5.2 41 44
Pine 1.9 1.4 5.5 3.3 36 29
Dwarf greenbriar 1.6 1.1 4.6 2.6 34 22
Blackberry 1.5 2.7 4.3 6.5 28 55
Southern bayberry 1.2 .4 3.4 1.1 17 9
American holly .5 1.6 6
Cat greenbriar .5 .3 1.5 .7 10 6
Cross vine . 4 1.6 1.3 .3 9 3
Black cherry .4 .7 1.2 1.7 9 14
Flowering dogwood .4 1.3 1.2 3.1 9 21
Violet spp. .4 .6 1.2 1.5 9 13
Greenbriar spp. .3 .1 1.0 .3 7 3
Sparkleberry, Tree .3 .3 .9 .7 7 6
Unknown vegetation .3 3.8 .9 9.0 7 76
Yellow woodsorrel .1 .6 .5 1.5 3 13
Common gallberry .1 .4 3
Lanceleaf greenbriar .1 .8 .4 1.9 3 16
May apple .1- .4 3
Red trillium .1 .4 3
Panicum spp. 3.8 9.0 70
Partridge pea 1.7 4.1 35
Sweetgum 1.1 2.7 23
Purple cudweed 1.1 2.7 23
Poison ivy 1.0 2.5 22
Black tupelo .9 2.1 18
French mulberry .7 1.8 15
Huckleberry spp. .7 1.8 15
Wild grape .7 1.8 15
Parsley hawthorn .7 1.7 14
Aster spp. .6 1.5 13
Goldenrod spp. .6 1.5 13
Red maple .4 1.0 9
Wild azalea .4 1.0 9
Virginia creeper .4 1.0 9
Bedstraw .3 .7 6
Broomsedge .3 .7 6
Winged elm .3 .7 6
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Table 24c. (Continued)
Common Name Average Cover











American elderberry .2 .6 6
American hornbeam .2 .6 6
Devils-walkingstick .1 .3 3
Eupatorium spp. .1 .3 3
Tephrosia florida .1 .3 3
Mountain mint .1 .3 3
Silkweed .1 .3 3
Red chokeberry .1 .3 3
Christmas fern .1 .3 3
Japanese honeysuckle .1 .3 3
Red buckeye .1 .3 3
Spurge spp. .1 .3 3
Witch-hazel .1 .3 3
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Table 24d. March understory composition in selection plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation-__________________
•  - - --------- Percent  ----  •

































































































































Common Name Average Cover




.Before After Before After Before After
Swamp chestnut oak .1 .2 3
Flowering dogwood .1 .2 3
American elderberry .1 .2 3
American hornbeam .1 .2 3
Virgin1s-bower .1 .2 3
Winged elm .1 .2 ' 3
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Table 25a. June understory composition in clearcut plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________Vegetation___________________
 ----------------- Percent -  -------- -- ------




































Japanese climbing fern 
Ash spp.
Black cherry 
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Common Name Average Cover Understory
Vegetation
Frequency
Before After Before After Before Afte:
Switch-cane .1 .1 33
Candleberry .1 .1 3
Lanceleaf greenbriar .1 .6 .1 .6 3 12
Red buckeye .1 .4 .1 .4 3 9
Sassafras .1 .3 .1 .3 3 6
Southern bayberry .1 .1 3
Panicum spp. 11.5 12.1 96
Yankee weed 4.1 4.3 76
St. John's-wort spp. 2.4 2.5 38
Purple cudweed 2.1 2.2 43
Goldenrod spp. 1.9 2.1 40
Poke weed 1.8 1.9 30
Three-seeded mercury 1.7 1.8 34
Hedge-hyssop 1.6 1.7 20
Morning glory spp. 1.6 1.7 13
Water primrose 1.6 1.6 32
Yellow woodsorrel 1.5 1.6 31
American elderberry 1.4 1.5 28
Virginia willow 1.3 1.4 26
Cyperus spp. 1.1 1.2 23
Juncus spp. 1.1 1.2 23
Climbing hemp 1.1 1.1 22
Shining sumac .7 .8 15
Waxweed .6 .7 13
Ironweed .6 .6 12
Eupatorium spp. .4 .5 9
Beggar tick .4 .4 9
Sparkleberry, Tree .4 .4 9
Sweetleaf .4 .4 9
Boneset .3 .3 6
Partridge pea .3 .3 6
Swamp thistle .3 .3 6
Cross vine .3 .3 6
Wild petunia .3 .3 6
Snakeroot .3 .3 6
Mist flower .2 .3 6
Groundcherry .2 .3 ' 6
Snowbell, American .2 .3 6
Yellow passion flower .2 .3 6
Black night-shade .1 .1 3
Bracken fern .1 .1 3




Common Name Average Cover Understory Frequency
______________________________________________Vegetation_________________
Percent
Before After Before After Before After
Maypop .1 .1 3
Common ragweed .1 .1 3
Salvia lyrata .1 .1 3
Silverbell, Two-wing .1 .1 3
Hydro smartweed .1 .1 3
Trumpet creeper .1 .1 3
Verbesina spp. .1 .1 3
Water hemlock .1 .1 3
Bedstraw .1 .1 3
Sroomsedge .1 .1 3
Carex spp. .1 .1 3
Christmas fern .1 .1 3
Mint spp. .1 .1 3
Paspalum spp. .1 .1 3
Punctatum smartweed .1 .1 3
165
Table 25b. June understory composition in seed-tree plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________Vegetation___________________
- - - ---- - - Percent -------

































































































































Common Name Average Cover











Yankee weed 2.2 2.4 45
Legume spp. 1.6 1.7 33
Wild lettuce 1.2 1.3 25
Broomsedge 1.1 1.2 23
St. John’s-wort spp. 1.0 1.1 21
Partridge pea 1.0 1.0 20
Yellow woodsorrel .9 .9 18
Spurge spp. .8 .9 17
Polypremum procumbens .7 .7 15
Bedstraw .7 .7 15
Climbing hemp .6 .6 12
Wild petunia .6 .6 12
Pruple cudweed . 6 . 6 12
Beggar tick .5 .6 12
Butterfly pea .5 .6 12
Three-seeded mercury .4 .4 9
Boneset .4 .4 9
Goldenrod spp. .4 .4 9
Juncus spp. .4 .4 9
Plume grass .4 .4 3
Common ragweed .4 .4 9
Sweetleaf .4 .4 9
Lespedeza spp. .2 .3 6
Morning glory spp. .2 .3 6
Tephrosia spicata .2 .3 6
Water primrose .2 .3 6
Wild azalea .2 .3 6
Yellow passion flower .2 .3 6
Hawthorn spp. .1 .1 3
Hickory spp. .1 .1 3
Snakeroot .1 .1 3
Snowbell, American .1 .1 3
Cyperus spp. .1 .1 3
Eupatorium spp. .1 .1 3
Horsenettle .1 .1 3
Rhyncosia latifolia .1 .1 3
Sassafras .1 .1 3
Swamp thistle .1 .1 3
Trumpet creeper .1 .1 3
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Table 25c. June understory composition in shelterwood plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ V e g e t a t i o n __________________
 ------- ------ - Percent ----------- --


































































































































Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation________________
Before After Before After Before Afte:
American holly. .1 .1 3
American hornbeam .1 .2 .1 .3 3 6
May apple .1 .1 3
Ash spp. .1 .1 3
Panicum sppl 5.7 6.4 85
Partridge pea 3.9 4.8 78
Yankee weed 2.7 3.4 55
St. John's-wort spp. 1.8 2.3 37
Sweetleaf 1.6 2.0 33
Juncus spp.. 1.2 1.5 25
Wild lettuce 1.2 1.5 24
Three-seeded mercury 1.2 1.4 24
Goldenrod spp. 1.0 1.3 22
Purple cudweed 1.0 1.3 22
Water primrose .7 .9 15
Polypremum procumbens .7 .9 15
Climbing hemp .7 • / 12
Cyperus spp. .6 • I 12
Legume spp. .6 » $ 12
Mint spp. .6 • f 12
Yellow woodsorrel .6 • # 12
Beggar tick .4 .5 9
Boneset .3 .3 6
Roundleaf thoroughwort .3 .3 6
Bedstraw .3 .3 6
Eupatorium spp. .3 .3 6
Wild petunia .3 .3 6
Spurge spp. .3 .3 6
Devils-walkingstick .2 .3 6
Morning glory spp. .2 .3 6
Poke weed .2 .3 6
Sourwood .2 .3 6
Broomsedge .1 .1 3
Butterfly pea .1 .1 3
Coralbean, Southeastern .1 .1 3
Mist flower .1 .1 3
False dandelion .1 .1 3
Hawthorn spp. .1 .1 3
Mountain mint .1 .1 3
Pencil flower .1 .1 3
Persimmon, Common .1 .1 3




Common Name Average Cover Understory Frequency
______________________________________________ Vegetation________________
 ------------- percent  ---------------
Before After Before After Before After
Silkweed .1 3
Red chokeberry .1 3
Christmas fern .1 3
Red buckeye .1 3
Sassafras .1 3
Snowbell, American .1 3
Witch-hazel .1 3
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Table 25d. June understory composition in selection plots on Idlewild
Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
 ---------------   Percent---- ---------------


































































































































Common Name Average Cover





Before After Before After Before After
Spurge spp. 1.7 1.7 35
Sweetleaf 1.4 1.4 22
Eupatorium spp. 1.3 1.3 27
Broomsedge 1.0 1.0 21
Japanese climbing fern .7 .7 16
Beggar tick .6 .6 14
Butterfly pea .6 .6 13
Yankee weed .6 .6 13
Hawthorn spp. .5 .5 12
Bracken fern .5 .5 10
Waxweed .5 .5 10
S t. John1s-wort spp. .5 .4 10
Tephrosia spp. .5 .4 10
Bedstraw .4 .4 9
Mint spp. .4 .4 9
Common ragweed .4 .4 9
Yellow woodsorrel .4 .4 9
Common greenbriar .4 .4 9
Eupatorium spp. .3 .3 7
Littleleaf greenbriar .3 .3 7
Polypremum procumbens .3 .3 7
Silkweed .3 .3 7
Wild lettuce .3 .3 7
Cross vine .3 .3 6
Pencil flower .3 .3 6
Sunflower spp. .3 .3 6
Thistle spp. .3 .3 6
Three-seeded mercury .2 .2 6
Saw greenbriar .1 .1 3
Japanese honeysuckle .1 .1 3
New Jersey tea .1 .1 3
Sassafras .1 .1 3
Candy root .1 .1 3
Climbing hemp .1 .1 3
Wild petunia .1 .1 3
Plume grass .1 .1 3
Rattlebox .1 .1 3
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Table 26a. September understory composition in clearcut plots on Idle-
wild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________ _______________________ Vegetation______ ___________
 -------   -- ------ Percent  --- _ _ _ _ _ --- -






































Japanese climbing fern 
































































































Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
.Before After Before After Before Aftei
Switch-cane .1 .2 33
Virginia creeper .1 2.8 .2 1.9 3 39
Yellow poplar .1 1.2 .2 .8 33 24
Yellow woodsorrel .1 1.4 .2 .9 33 28
American holly .1 .1 3
Candleberry .1 .1 3
Devils-walkings tick .1 .9 .1 .6 3 19
Lanceleaf greenbriar .1 .1 .1 .1 3 3
St. JohnTs-wort spp. .1 1.4 .1 .2 3 9
Wild azalea .1 .1 3
Shining sumac .1 .4 .1 .2 3 9
Florida anise-tree .1 .1 3
Yankee weed 28.4 19.0 77
Panicum spp. 24.8 16.6 87
Polypremum procumbens 3.7 2.4 41
Goldenrod spp. 3.3 2.2 60
Aster spp. 2.2 1.6 49
Climbing hemp 2.0 1.3 35
American elderberry 1.8 1.2 37
Tie vine 1.7 1.1 35
Three-seeded mercury 1.7 1.1 35
Wild lettuce 1.6 1.1 34
Poke weed 1.6 1.0 21
Mist flower 1.1 .7 22
Boneset 1.0 .6 20
Eupatorium serotlnum 1.0 .6 20
Lythrum lineare 1.0 .6 20
Uniola spp. .9 .6 12
Eastern hophombeam .9 .6 18
Ironweed .9 .6 18
Cyperus spp. .8 .5 16
Common ragweed . 6 .4 13
Legume spp. . 6 .4 13
Water primrose .6 .4 13
Horseweed .6 .4 12
Yellow passion flower .6 .4 12
Carex spp. .5 .3 12
Silverbell, Two-wing .5 .3 12
False nettle .4 .3 9
Juncus spp. .4 .3 9
Eupatorium spp. .4 .3 9




Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
--------- ---------- Percent  -------------- --
Before After Before After Before After
Purple cudweed .4 .3 9
Punctatum smartweed .4 .3 9
Sulfur plant .4 .2 9
Lespedeza spp. .3 .2 6
Waxweed .3 .2 6
Beggar tick .3 .2 6
Black night-shade .3 .2 6
Broomsedge .3 .2 6
Christmas fern .2 .1 6
Southern magnolia .2 .1 6
Witch-hazel .2 .1 6
Penny wort .1 .1 3
Possumhaw .1 .1 3
Jewel-weed .1 .1 3
Pink foxglove .1 .1 3
Poor-joe .1 .1 3
Salvia lyrata .1 .1 3
Pink smartweed .1 .1 3
Snakeroot .1 .1 3
Spanish needles spp. .1 .1 3
Skullcap .1 .1 3
American sycamore .1 .1 3
Thistle spp. .1 .1 3
Trumpet creeper .1 .1 3
Snowbell» American .1 .1 3
Smooth sumac .1 .1 3
Ash spp. .1 .1 3
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Table 26b. September understory composition in seed-tree plots on Idle-
wild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation___________________
 --------------- Percent -  ------------
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Common Name Average Cover Understory
Vegetation
Frequency
Before After Before After Before Aftei
Aster spp. .1 3.1 .1 2.9 3 57
American hornbeam .1 .1 3
Trumpet creeper .1 .3 .1 .3 3 6
Witch-hazel .1 .1 3
Eastern hophornbeam .1 .1 3
Hawthorn spp. .1 .1 3
Red mulberry .1 .1 .1 .1 3 3
Sassafras .1 .1 3
Panicum spp. 7.4 10.9 81
Eupatorium spp. 2.8 2.6 51
Yankee weed 2.2 2.0 39
Goldenrod spp. 2.2 2.0 45
Legume spp. 2.2 2.0 45
Tie vine 1.5 1.3 30
Uniola spp. 1.5 1.3 30
Mist flower 1.3 1.2 27
Yellow woodsorrel 1.3 1.6 27
Broomsedge 1.1 1.4 23
Boneset 1.0 1.2 21
Bedstraw .7 .9 15
Polypremum procumbens .7 .9 9
Lobelia spp. .7 .9 15
Sweetleaf .7 .8 14
Skullcap .6 .7 12
Mint spp. .5 .7 12
White azalea .5 .7 12
Eupatorium serotinum .4 .5 9
Greenbriar spp. .4 .5 9
Horseweed .4 .5 9
Plume grass .4 .5 9
Carex spp. .3 .3 6
Climbing hemp .3 .3 6
Three-seeded mercury .3 .3 6
Wild lettuce .3 .3 6
Mecardonia spp. .3 .3 6
Wild petunia .3 .3 6
Sunflower spp. .3 .3 6
Beggar tick .2 .3 6
Common ragweed .2 .3 6
Cinnamon fern .1 .1 3
Parsley hawthorn .1 .1 3
Poke weed .1 .1 3
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Table 26b. (Continued)
Common Name Average Cover











Snowbell, American .1 .1 3
Cyperus spp. .1 .1 3
False nettle .1 .1 3
Juncus spp. .1 .1 3
Furple cudweed .1 .1 3
Rattlebox .1 .1 3
Smooth sumac .1 .1 3
Waxweed .1 .1 3
Water primrose .1 .1 3
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Table 26c. September understory composition in shelterwood plots on
Idlewild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation___________________
- - - - - -  --- --- Percent - - - - - -  ---


































































































































Common Name Average Cover




Before After Before After Before Aftei
Roundleaf thoroughwort .3 .3 .4 .3 7 6
Lanceleaf greenbriar .3 .6 .4 .6 7 12
Persimmon, Common .3 .4 .4 .5 7 9
Virginia creeper .3 .7 .3 .8 6 15
American holly .2 .3 6
Eastern hophombeam .2 .4 .3 .5 6 9
American hornbeam .2 .4 .3 .5 - 6 9
Red mulberry .2 - .3 6
Aster spp. .1 2.9 .2 3.3 3 47
Mist flower .1 .7 .2 .8 3 15
Hickory spp. .1 .1 .2 .1 3 3
Japanese climbing fern .1 .1 .2 .1 3 3
Sweetleaf .1 1.6 .2 1.8 3 32
Trumpet creeper .1 .2 3
Yellow poplar .1 .1 .2 .1 3 3
Devils-walkingstick .1 .2 .1 .3 .3 6
Panicum spp. 9.4 10.6 85
Yankee weed 2.7 3.1 55
Goldenrod spp. 2.0 2.3 34
Cyperus spp. 1.0 1.2 9
Purple cudweed 1.0 1.2 21
Eupatorium spp. .9 1.0 19
Legume spp. .9 1.0 19
Broomsedge .7 .8 15
Boneset .7 .8 15
Three-seeded mercury .7 .8 15
Rabbit tobacco .7 .8 15
Bedstraw . 6 12
Coralbean, Southeastern .6 • t 6
Silkweed . 6 • / 12
Yellow woodsorrel .6 * / 12
Climbing hemp .6 • / 12
Mecardonia spp. .4 .5 9
Sunflower spp. .4 .5 9
Japanese honeysuckle .4 .5 9
Hawthorn spp. .3 .3 6
Skullcap .3 .3 6
Tephrosia spp. .3 .3 6
Water primrose .3 .3 6
Sulfur plant .3 .3 6
Greenbriar spp. .2 .3 6
Poke weed .2 .3 6
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Table 26c. (Continued)
Common Name Average Cover




Before After Before After Before After
Wild lettuce .2 .3 6
Bracken fern .1 .1 3
Candy root .1 .1 3
Eupatorium serotinum .1 .1 3
False nettle .1 .1 3
Lobelia spp. .1 .1 3
Mock strawberry .1 .1 3
Mountain mint .1 .1 3
Wild petunia .1 .1 3
Plume grass .1 .1 3
Flowering spurge .1 .1 3
Waxweed .1 .1 3
Candleberry .1 .1 3
Red chokeberry .1 .1 3
American elderberry .1 .1 3
Littleleaf gallberry .1 .1 3
Horseweed .1 .1 3
Morning glory spp. .1 .1 3
Polypremum procumbens .1 .1 3
Tie vine .1 .1 3
Uniola spp. .1 .1 3
Witch-hazel .1 .1 3
Yellow passion flower .1 .1 3
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Table 26d. September understory composition in selection plots on Idle-
wild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation___________________
-  ----- -  -----  Percent - - - - ----------- -






























































































































Common Name Average Cover




Before After Before After Before After
American holly .1 .3 .1 .3 3 6
Bull nettle .1 .1 3
Virginia creeper .1 .1 .1 .1 3 3
Pan!cum spp. 19.5 19.3 81
Uniola spp. 4.8 4.8 38
Aster spp. 3.3 3.3 61
Goldenrod spp. 2.3 2.3 47
Broomsedge 1.7 1.7 28
Eupatorium spp. 1.6 1.6 32
Legume spp. 1.1 1.1 24
Hawthorn spp. 1.0 1.0 20
Yankee weed .8 .8 16
Skullcap .7 .7 16
Waxweed .7 .7 14
Yellow woodsorrel .6 .6 13
Mist flower .5 .5 10
Rabbit tobacco .5 .4 10
Sunflower spp. .5 .4 10
Horseweed .3 .3 7
Silkweed .3 .3 7
Candy root .3 .3 6
Plume grass .3 .3 6
Common ragweed .3 .3 6
Bracken fern .1 .1 3
Roundleaf thoroughwort .1 .1 3
Japanese climbing fern .1 .1 3
Purple cudweed .1 .1 3
Rattlebox .1 .1 3
Sulfur plant .1 .1 3
Thistle spp. .1 .1 3
Wild lettuce .1 .1 3
Bedstraw .1 .1 3
Climbing hemp .1 .1 3
Lespedeza spp. .1 .1 3
Mountain mint .1 .1 3
Snowbell, American .1 .1 3
Three-seeded mercury .1 .1 3
Beggar tick .1 .1 3
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Table 27a. December understory composition in clearcut plots on
Idlewild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Percent
Before After Before After Before After
Yaupon 4.7 2.6 17.1 8.8 65 46
Oak spp. 4.1 1.9 14.7 6.5 76 38
Partridge berry 3.7 2.5 13.3 8.5 74 50
Grass (Unidentified) 2.8 2.9 10.1 10.1 56 59
Yellow jessamine 2.2 .2 7.9 1.0 44 6
Flowering dogwood 1.5 1.3 5.5 4.6 31 27
Blackberry .9 2.0 3.5 7.1 19 42
Dwarf greenbriar .9 3.2 18
Pine .7 .1 2.7 .4 15 3
Cross vine .6 .9 2.2 3.1 12 19
Unknown vegetation .6 2.2 2.1 7.5 7 44
Violet spp. .5 1.0 2.1 3.6 12 21
Japanese honeysuckle .5 .3 1.7 1.1 10 6
Common greenbriar .3 . 3* 6
Saw greenbriar .3 .1 l.i .4 6 3
Sparkleberry, Tree .3 .1 l.i .4 6 3
Sweetleaf .3 .2 l.i 1.0 36 6
Southern bayberry .3 l.i 36
Aster spp. .1 .1 .5 .5 3 3
Christmas fern .1 .1 .5 .4 33 3
Bamboo greenbriar .1 .5 3
Huckleberry spp. .1 .1 .5 .4 33 3
Japanese climbing fern .1 .5 33
Sweetgum .1 .5 .5 1.7 33 10
American holly .1 .2 .5 1.0 3 6
Cat greenbriar .1 .1 .5 .4 3 3
Greenbriar spp. .1 .5 3
Rhyncosia latifolia .1 .5 3
Southern magnolia .1 .5 3
Strawberry bush .1 .5 3
Buckthorn .1 .5 3
Panicum spp. 2.5 8.7 51
Red maple .9 3.0 18
Yellow woodsorrel .8 2.8 16
Poison ivy .7 2.7 16
Black tupelo .4 1.5 ' 9
Lanceleaf greenbriar .4 1.5 9
Black cherry .4 1.4 9
Devils-walkingstick .3 1.1 6
Hawthorn spp. .3 1.0 6
Witch-hazel .3 1.0 6
Table 27a. (Continued)
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Common Name Average Cover











Eastern hophombeam .1 1.0 3
French mulberry .1 .5 3
Hickory spp. .1 .5 3
Arrow-wood .1 .4 3
American elderberry .1 .4 3
Ironweed .1 .4 3
Parsley hawthorn .1 .4 3
Yellow poplar .1 .4 3
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Table 27b. December understory composition in seed-tree plots on
Idlewild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
Before After Before After Before Aftei
Yaupon 5.8 2.1 15.5 5.2 45 36
Oak spp. 3.9 2.1 10.5 5.3 67 43
Partridge berry 3.8 3.0 10.0 9.5 70 33
Pine 3.1 .3 8.3 .7 63 6
Grass (Unidentified) 2.8 1.4 7.4 3.6 56 29
Yellow jessamine 2.7 1.9 7.2 4.9 55 40
Japanese honeysuckle 2.1 2.1 5.6 5.0 36 21
Blackberry 2.1 3.0 5.5 7.5 .42 60
Christmas fern 1.7 .4 4.5 1.1 3 9
Cat greenbriar 1.6 1.2 4.3 3.0 33 25
Lanceleaf greenbriar 1.3 3.5 27
Sweetleaf .7 .7 1.9 1.8 14 9
Huckleberry spp. .6 .4 1.6 1.1 12 9
Dwarf greenbriar .5 .3 1.5 .7 12 6
American holly .4 1.2 3
Cross vine .4 .4 1.2 1.1 9 9
Common waxmyrtle .4 .4 1.2 1.1 9 9
Sparkleberry, Tree .4 .3 1.1 .7 9 6
Flowering dogwood .3 .9 • / 2.3 6 19
Common greenbriar .3 « / 6
Greenbriar spp. .3 .4 • / 1.0 6 9
Sweetgum .3 1.0 4 / 2.6 6 21
Aster spp. .2 4 / 6
Saw greenbriar .2 ■ / 6
Unknown vegetation .2 1.9 • / 4.9 7 39
Ironwood .1 .4 3
Black cherry .1 . 6 .3 1.5 3 12
Bamboo greenbriar .1 .3 3
Japanese climbing fern .1 6.9 .3 .3 3 3
Violet spp. .1 .3 3
Panicum spp. 1.9 4.8 39
Poison ivy • 6 1.5 12
Red maple .6 1.5 12
Winged elm .6 1.5 12
Black tupelo .3 .7 6
Spurge spp. .3 .7 6
Virginia creeper .3 .7 6
French mulberry .1 .3 3
Hawthorn spp. .1 .3 3
Rattan vine .1 .3 3
Shining sumac .1 .3 3
Table 27b. (Continued)
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Common Name Average Cover




Before After Before After Before After
Goldenrod spp. .1 .3 3
St. John’s-wort spp. .1 .3 3
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Table 27c. December understory composition in shelterwood plots on
Idlewild Experiment Station before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Before After Before After Before Aftei
Yaupon 7.2 2.2 21.1 7.1 66 45
Partridge berry 3.6 .6 10.5 2.1 69 16
Oak spp. 3.2 2.0 9.6 6.4 54 41
Sweetleaf 2.7 2.1 8.1 6.7 14 37
Grass (Unidentified) 2.6 1.4 7.7 4.5 53 29
Yellow jessamine 2.4 1.1 7.2 3.5 45 19
Pine 2.3 .1 6.7 .5 46 3
Dwarf greenbriar 1.8 1.4 5.3 4.5 34 29
Blackberry 1.4 3.1 4.3 9.9 30 49
Cat greenbriar 1.0 .6 3.1 2.1 21 13
Common waxmyrtle 1.0 .8 3.1 2.5 14 16
Flowering dogwood .9 .2 2.7 .9 21 6
Sparkleberry, Tree .6 .9 1.9 3.0 13 19
Cross vine .3 .5 .9 1.5 6 10
Saw greenbriar .3 .9 6
St. John's-wort spp. .3 .9 6
Unknown vegetation .3 1.7 .9 5.5 7 45
American holly .2 .8 6
Sweetgum .2 .8 6
Devils-walkingstick .1 .5 3
Lanceleaf greenbriar .1 .6 .5 2.1 3 13
Black cherry .1 .4 4
Common gallberry .1 .4 3
Common greenbriar .1 .4 3
Panicum spp. 2.1 6.8 43
Partridge pea 1.6 5.1 32
Virginia creeper 1.2 4.1 26
French mulberry .6 2.1 13
Poison ivy .5 1.5 10
Aster spp. .3 1.0 6
Bedstraw .3 1.0 6
Legume spp. .3 1.0 • 6
Shining sumac .3 1.0 6
Elephant's-foot .3 .9 6
Huckleberry spp. .3 .9 6
Black tupelo .1 .5 3
Mint spp. .1 .5 3
Sensitive fern .1 .5 3
Sourwood .1 .5 3
Violet spp. .1 .5 3




Common Name Average Cover Understory Frequency
______________________________________________ Vegetation___________________
- -  ------------- Percent    ---- - ------
Before After Before After Before After
Christmas fern .1 .4 3
Hickory spp. .1 .4 3
Red maple .1 .4 3
Wild azalea .1 .4 3
Witch-hazel .1 .4 3
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Table 27d. December traderstory composition in selection plots on
Idlewild Experiment Station before and after logging
Common Name Average Cover




Before After Before After Before After
Yaupon
Sweetleaf 6.2 1.7 17.2 4.7 47 35
Yellow jessamine 4.5 1.8 12.4 4.9 32 22
Pine 3.7 2.6 10.2 7.2 75 54
Grass (Unidentified) 2.7 2.1 7.3 5.6 54 42
Partridge berry 2.5 .8 7.0 2.4 51 18
Blackberry 2.3 2.7 6.4 7.4 42 55
Oak spp. 2.3 1.4 6.3 4.0 22 30
Common gallberry 1.9 .1 5.3 .4 3 3
Southern bayberry 1.5 .8 4.1 2.2 23 9
Sparkleberry, Tree 1.3 1.3 3.6 3.6 27 27
Dwarf greenbriar .7 .3 2.0 6.9 15 7
Japanese honeysuckle .7 .2 2.0 .7 14 6
Cat greenbriar .6 .3 1.7 3.5 13 26
Lanceleaf greenbriar .5 .8 1.3 2.4 10 18
Common greenbriar .2 .8 6
Unknown vegetation .2 2.5 .7 6.7 7 50
St. John’s-wort spp. .1 .1 .4 .4 3 3
American holly .1 .1 .3 .4 3 3
Flowering dogwood .1 .2 .3 .7 3 3
Saw greenbriar .1 .4 .3 1.2 3 9
Huckleberry spp. .1 .5 .3 1.3 3 10
Panicum spp. 4.0 10.8 39
Sweetgum 1.7 4.6 28
Partridge pea 1.3 3.5 28
Aster spp. .8 2.3 17
Elephant1s-foot .8 2.2 16
Yellow woodsorrel .6 1.6 12
Black cherry .5 1.4 10
Goldenrod spp. .5 1.4 10
Wild azalea .5 1.4 10
Cross vine .3 .9 7
Violet spp. .3 .8 6
Red maple .2 .7 6
Broomsedge .1 .4 3
Japanese climbing fern .1 .4 3
Black tupelo .1 .3 3
French mulberry .1 .3 3
Ironweed .1 .3 3
Legume spp. .1 .3 3
Poison ivy .1 .3 3
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Table 28a. March understory composition in clearcut plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
 ---------------Percent  -----_ _ _ _ _






























































































































Common Name Average Cover











Coreopsis major .1 .4 3
Black cherry .1 .3 3
Greenbriar spp. .1 .3 3
Legume spp. .1 .3 3
Persimmon, Common .1 .3 3
Rattlebox .1 .3 3
Sassafras .1 .3 3
Thistle spp. .1 .3 3
Virginia creeper .1 .3 3
Yellow passion flower .1 .3 3
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Table 28b. March understory composition in seed-tree plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Before After Before After Before Afte:
Grass (Unidentified) 3.0 2.9 12.7 7.1 62 44
Pine 2.7 2.0 11.3 5.0 55 41
Yaupon 2.2 .7 9.1 1.7 14 14
Common gallberry 1.9 7.9 7
Sweetleaf 1.8 .3 7.8 .8 7 7
Cat greenbriar 1.7 .3 7.0 .9 34 7
Huckleberry spp. 1.6 .5 6.7 1.3 18 11
Dwarf greenbriar 1.3 5.5 11
Partridge berry 1.2 1.0 5.2 2.6 25 22
Switch-cane 1.2 .1 5.1 .4 3 3
Yellow jessamine 1.0 .7 4.4 1.7 14 14
Blackberry .7 2.7 2.9 6.7 14 55
Southern bayberry .5 2.3 11
Redbay .5 .5 2.2 1.3 10 10
Evergreen bayberry .5 .8 2.2 2.1 10 18
Unknown vegetation .3 4.6 1.5 11.3 7 92
Sparkleberry, Tree .3 .3 1.4 .9 7 7
Greenbriar spp. .1 .1 * / .4 4 3
Large gallberry .1 .3 • / .8 3 7
Bamboo greenbriar .1 • / 3
Oak spp. .1 .7 * / 1.7 3 14
Sweetbay .1 .7 * / 1.7 3 14
Panicum spp. 3.3 11.3 92
Red maple 2.3 5.7 47
Spurge spp. 1.7 4.1 34
Poison ivy 1.3 3.1 26
Coreopsis major .7 1.8 15
Yankee weed .7 1.8 15
Sassafras .7 1.8 15
Flowering dogwood .5 1.4 11
Black tupelo .5 1.3 11
Purple cudweed .5 1.3 11
Silkweed .5 1.3 11
Virginia creeper .5 1.3 11
Sensitive fern .5 1.3 10
Black cherry .3 .9 7
Eupatorium spp. .3 .9 7
Hickory spp. .3 .9 7
Sunflower spp. .3 .9 7
Phlox .3 .9 7
Wild grape .3 .9 7
Yellow woodsorrel .3 .9 7
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Table 28b. (Continued)
Common Name Average Cover











French mulberry .3 .8 7
Violet spp. .3 .8 7
Arrow-wood .1 .4 4
Bracken fern .1 .4 4
Broomsedge .1 .4 4
Legume spp. .1 .4 4
Mountain mint .1 .4 4
Thistle spp. .1 .4 4
Shining sumac .1 .4 4
Yellow passion flower .1 .4 4
American holly .1 .4 3
Red chokeberry .1 .4 3
Cross vine .1 .4 3
Virginia willow .1 .4 3
White azalea .1 .4 3
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Table 28c. March understory composition in shelterwood plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Percent
Before After Before After Before After
Pine 3.9 3.3 18.1 7.2 80 66
Grass (Unidentified) 3.4 2.0 15.7 4.3 69 40
Common gallberry 3.0 .7 13.9 1.6 17 3
Yaupon 2.5 .8 11.6 1.9 28 18
Yellow jessamine 1.5 .3 7.2 .7 25 7
Sweetbay 1.1 5.3 3
Southern bayberry 1.0 .4 4.7 1.0 20 9
Blackberry .8 1.8 4.0 3.9 10 36
Partridge berry .8 .6 3.7 1.4 16 13
Oak spp. .5 1.0 2.4 2.1 10 20
Cat greenbriar .5 1.1 2.3 2.4 10 22
Sparkleberry, Tree .5 1.2 2.2 2.8 16 26
Flowering dogwood .3 .8 1.5 1.7 7 16
Dwarf greenbriar .3 .1 1.5 .3 6 3
Unknown vegetation .3 4.5 1.5 9.8 7 9
Japanese honeysuckle .1 .8 3
American holly .1 .7 3
Sweetleaf .1 .1 .7 .3 3 3
Yellow woodsorrel .1 .8 .7 1.8 3 16
Florida anise-tree .1 .7 3
Panicum spp. 3.6 8.0 74
Poison ivy 1.8 4.0 37
Red maple 1.8 3.9 37
Spurge spp. 1.8 3.9 36
Large gallberry 1.5 3.3 9
Legume spp. 1.1 2.5 24
Silkweed 1.1 2.5 23
Violet spp. 1.1 2.4 22
Wild, grape 1.0 2.4 20
Yankee weed .8 1.8 18
Sassafras .8 1.8 18
Huckleberry spp. .8 1.8 16
Sunflower spp. .8 1.8 16
Virginia creeper .8 1.8 16
Purple cudweed .6 1.5 14 .
Broomsedge .6 • 1.3 12
Black cherry .5 1.1 10
Eupatorium spp. .5 1.1 10
Hickory spp. .4 1.0 9
Arrow-wood .3 .7 7
Greenbriar spp. .3 .7 7
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Common Name Average Cover











Sensitive fern .3 .7 7
Sweetgum .3 .7 7
Coreopsis major .3 .7 7
Shining sumac .3 .6 6
Bull nettle .1 .3 3
Carex spp. .1 .3 3
Hawthorn spp. .1 .3 3
Black tupelo .1 .3 3
Bracken fern .1 .3 3
Red chokeberry .1 .3 3
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Table 28d. March understory composition in selection plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Percent
Before After Before After Before After
Grass (Unidentified) 2.7 2.2 16.9 4.7 55 45
Pine 2.4 1.8 14.9 3.9 49 37
Yaupon 1.9 1.4 12.0 3.1 25 29
Yellow jessamine 1.9 1.4 11.7 3.1 39 30
Blackberry 1.1 3.5 6.6 7.4 22 63
Southern bayberry 1.0 1.4 6.5 3.1 45 30
Partridge berry .8 1.6 5.0 3.4 16 25
Common gallberry .7 .7 4.6 1.6 7 15
Sparkleberry, Tree .6 .1 4.1 .3 14 3
Cat greenbriar .6 1.0 4.0 2.3 13 22
Sweetleaf .5 .1 3.0 .3 10 3
Unknown vegetation .3 4.0 2.1 8.6 37 82
Huckleberry spp. .3 1.4 2.0 3.1 6 29
Redbay .3 .5 2.0 1.1 6 10
Thistle spp. .1 .1 1.1 .4 4 4
Large gallberry .1 .1 33
Bamboo greenbriar .1 .1 3
Evergreen bayberry .1 .3 .1 .7 33 7
Panicum spp. 2.7 5.8 55
Broomsedge 2.6 5.6 45
Shining sumac 2.0 4.3 41
Spurge spp. 1.4 3.1 30
Sunflower spp. 1.1 2.3 22
Oak spp. 1.1 2.3 22
Sassafras 1.1 2.3 22
Red maple 1.0 2.2 21
Black cherry .9 1.9 18
Flowering dogwood .9 1.9 18
Silkweed .9 1.9 18
Eupatorium spp. .7 1.6 15
Wild grape .7 1.6 15
Bedstraw .5 1.2 11
French mulberry .3 .8 7
Phlox .3 .8 7
Rattan vine .3 .8 7
Yellow woodsorrel .3 .8 7
Legume spp. .3 • / 7
Poison ivy .3 • / 7
Sweetbay .3 • / 7
Candy root .3 ■ / 7
Hickory spp. .3 • / 7
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Common Name Average Cover











Wild onion .1 .4 4
Black tupelo .1 .3 3
Cinnamon fern .1 .3 3
Goldenrod spp. .1 .3 3
Purple cudweed .1 .3 3
St. John's-wort spp. .1 .3 3
Sensitive fern .1 .3 3
Sweetgum .1 .3 3
Switch-cane .1 .3 3
Virginia creeper .1 .3 3
Virginia willow .1 .3 3
Wild azalea .1 .3 3
Witch-hazel .1 .3 3
Yellow poplar .1 .3 3
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Table 29a. June understory composition in clearcut plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
- - - - - - - -  - Percent---------- - - - - -





































































































































Common Name Average Cover Understory Frequency
______________________________________________Vegetation_________________
Before After Before After Before Aftei
Sweetbay .1 .6 .2 .7 3 6
Violet spp. .1 .7 .2 .9 3 16
Witch-hazel .1 .2 3
Arrow-wood .1 .2 .2 .3 3 6
Aster spp. .1 1.8 .2 2.2 3 37
Cross vine .1 .1 .2 .2 3 3
Yellow poplar .1 .5 .2 .6 3 10
Panicum spp. 5.0 6.0 83
Goldenrod spp. 3.4 4.1 69
Three-seeded mercury 2.6 3.2 54
Spurge spp. 2.3 2.8 47
Broomsedge 1.9 2.3 39
Horseweed 1.7 2.1 35
Poor-joe 1.7 2.0 29
Legume spp. 1.4 1.7 29
Pencil flower 1.1 1.4 24
Beggar tick 1.0 1.3 21
Crab grass 1.0 1.2 21
Poke weed 1.0 1.2 14
Sunflower spp. 1.0 1.2 45
Partridge pea .8 1.0 18
Purple cudweed .7 .9 16
Eupatorium spp. .7 .9 15
Cyperus spp. .6 ■ / 12
Wild petunia .6 • / 12
Poison oak .6 * / 12
Polypremum procumbens . 6 • / 12
Spiney-leaved sawthistle .5 • / 10
Bracken fern .5 .6 3
Silkweed .5 .6 10
New Jersey tea .4 .6 9
Skullcap .4 .5 9
Yellow woodsorrel .4 .5 9
Gayfeather .3 .4 7
Tephrosia florida .3 .4 7
Lespedeza spp. .3 .3 6
Paspalum spp. .3 .3 6
Wild lettuce .3 .3 6
Boneset .2 .3 6
Common ragweed .2 .3 6
Rhyncosia latifolia .2 .3 6
Yellow passion flower .2 .3 6
Table 29a. (Continued)
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Common Name Average Cover











White thoroughwort .1 .2 3
Yankee weed .1 .2 3
Groundcherry .1 .2 3
Mint spp. .1 .2 3
Poppy-mallow .1 .2 3
Bull nettle .1 .1 3
Butterfly pea .1 .1 3
Juncus spp. .1 .1 3
Whitle milkweed .1 .1 3
Poison sumac .1 .1 3
Tephrosia spp. .1 .1 3
Vasey grass .1 .1 3
Water primrose .1 .1 3
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Table 29b. June understory composition in seed-tree plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
-------------  - - Percent  ------ - - - ------ -
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Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Before After Before After Before Aftei
Elephant's-foot .1 .1 .2 .4 4 4
Rattan vine .1 .2 4
Arrow-wood .1 .1 .2 .2 3 4
Aster spp. .1 .7 .2 .9 3 14
Black cherry .1 .9 .2 1.2 3 19
Large gallberry .1 .5 .2 .7 3 10
Bamboo greenbriar .1 .2 3
Evergreen bayberry .1 .8 .2 1.1 3 18
Starbush .1 .2 3
Panicum spp. 3.3 4.4 60
Goldenrod spp. 2.4 3.2 48
Three-seeded mercury 1.8 2.4 37
Yankee weed 1.3 1.7 26
Poke weed 1.1 1.5 15
Pencil flower 1.1 1.5 22
Spurge spp. 1.1 1.5 22
Beggar tick # i 1.0 15
Partridge pea • / 1.0 15
Purple cudweed • / .9 15
Legume spp. • / .9 14
Silkweed • / .9 14
Bedstraw .5 • i 11
Poison oak .5 • / 11
Carex spp. .5 • / 10
Greenbriar spp. .5 * / 10
White azalea .5 • / 10
Rattlebox .3 .5 7
Tephrosia virginiana .3 .5 7
Broomsedge .3 .4 7
Poor-joe .3 .4 7
Water primrose .3 .4 7
Boneset .3 .4 7
Eupatorium spp. .3 .4 7
Poison sumac .3 .4 7
Sensitive fern .3 .4 7
Virginia willow .3 .4 7
Bracken fern .1 .2 4
Butterfly pea .1 .2 4
Mist flower .1 .2 4
Gayfeather .1 .2 4
Mountain mint .1 .2 4
Rhyncosia reniformis .1 .2 4
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Table 29b. (Continued)
Common Name Average Cover




Before After Before After Before After
Sensitive briar .1 .2 4
Sunflower spp. .1 .2 4
Tephrosia florida .1 .2 4
Tephrosia hispidula .1 .2 4
Wild lettuce .1 .2 4
Witch-hazel .1 .2 4
Yellow passion flower .1 .2 4
Buttonbush .1 .2 3
Red chokeberry .1 .2 3
Cross vine .1 .2 3
Cyperus spp. .1 .2 3
Doellingerla umbellate .1 .2 3
Indian pink .1 .2 3
Juncus spp. .1 .2 3
Lobelia spp. .1 .2 3
Polypremum procumbens .1 .2 3
Spike-rush spp. .1 .2 3
Skullcap .1 .2 3
Sundews spp. .1 .2 3
Sweetleaf .1 .2 3
Tephrosia spp. .1 .2 3
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Table 29c. June understory composition in shelterwood plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
- - - - -------    Percent - - - ----   --------






























































































































Common Name Average Cover




Before After Before After Before Aftei
Common, gallberry .1 .1 .2 .2 3 3
Rattan vine .1
Redbay .1 .1 .2 .2 3 3
Panicum spp. 4.1 5.1 83
Goldenrod spp. 2.7 3.4 52
Broomsedge 1.8 2.3 37
Yankee weed 1.7 2.1 35
Spurge spp. 1.7 2.1 35
Three-seeded mercury 1.7 2.1 35
Skullcap 1.5 1.9 31
Aster spp. 1.5 1.9 31
Poison oak 1.5 1.9 31
Sunflower spp. 1.3 1.7 28
Candy root 1.3 1.6 27
Beggar tick 1.2 1.5 24
Pencil flower 1.2 1.4 24
Silkweed 1.0 1.2 20
Lespedeza spp. 1.0 1.2 20
Wild lettuce .8 1.0 18
Legume spp. .8 1.0 17
Purple cudweed .6 .8 13
Arrow-wood .5 .6 10
Cyperus spp. .5 .6 10
Boneset .5 .6 10
Gay feather .5 . 6 10
New Jersey tea .5 .6 10
Wild petunia .5 . 6 10
Tephrosia virginiana .5 . 6 10
Large gallberry .5 .6 10
Juncus spp. .3 .4 7
Polypremum procumbens .3 .4 7
Tephrosia florida .3 .4 7
Eupatorium spp. .3 .4 6
Mint spp. .3 .4 6
Yellow passion flower .3 .4 6
Bedstraw .1 .2 3
Climbing hemp .1 .2 3
Saw greenbriar .1 .2 3
Greenbriar spp. .1 .2 3
Indina pink .1 .2 3
Indina turnip .1 .2 3




Common Name Average Cover Understory Frequency
______________________________________________ Vegetation___________________
- - - -----  - - - - Percent - - - - - - - - - -
Before After Before After Before After
Waxweed
Bracken fern .1 .2 3
Wild ginger .1 .2 3
Meadow beauty spp. .1 .2 3
Plume grass .1 .2 3
Paspalum spp. .1 .2 3
Common ragweed .1 .2 3
Rattlebox .1 .2 3
Sweetleaf .1 .2 3
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Table 29d. June understory composition in selection plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
________________Vegetation___________________
- - - - -  --- - - - Percent - - - - - - - - - - -































































































































Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
Before After Before After Before Af tei
Common greenbriar .1 .1 .2 .2 3 3
Evergreen bayberry .1 .3 .2 .4 33 7
Yellow poplar .1 .1 .2 .2 3 3
Wild orchid .1 .2 3
Large gallberry .1 .1 3
Broomsedge 3.9 5.3 48
Fanicum spp. 3.3 4.4 67
Legume spp. 2.6 3.5 53
Spurge spp. 2.4 3.2 48
Partridge pea 1.3 1.7 26
Sunflower spp. 1.3 1.7 26
Tephrosia spp. 1.3 1.7 26
Pencil flower 1.1 1.4 22
Mist flower .9 1.2 19
Skullcap .9 1.2 19
Sllkweed .9 1.2 19
Beggar tick .9 1.2 18
Poison oak .9 1.2 18
Lobelia spp. .7 1.0 15
Goldenrod spp. .7 .9 14
Wild petunia .7 .9 14
Bedstraw .5 .7 11
Mountain mint .5 .7 11
Sensitive briar .5 .7 11
New Jersey tea .5 .7 11
Eupatorium spp. .3 .5 7
Gayfeather .3 .5 ' 7
Poor-joe .3 .5 7
Yankee weed .3 .4 7
Lespedeza spp. .3 .4 7
Plume grass .3 .4 7
Tie vine .3 .4 7
Yellow woodsorrel .3 .4 7
Sensitive fern .3 .4 7
Japanese climbing fern .1 .2 4
Onosmodium virginiana .1 .2 4
Tephrosia florida .1 .2 4
Tephrosia hispidula .1 .2 4
Tephrosia virginiana .1 .2 4
Candy root .1 .2 3
Cinnamon fern .1 .2 3




Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
---------------    percent-------------------------------
Before After Before After Before After
Poison sumac .1 .2 3
Rattlebox .1 .2 3
Sweetbay .1 .2 3
Switch-cane .1 .2 3
Three-seeded mercury .1 .2 3
Virginia willow .1 .2 3
Wild azalea .1 .2 3
Witch-hazel .1 .2 3
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Table 30a. September understory composition in clearcut plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
  - - - - - - -  Percent - - - - - - - - - - -






































































































































Common Name Average Cover Understory Frequency
_________________________________________  Vegetation___ ________
Before After Before After Before Aftei
Skullcap .1 .2 .3 .3 3 6
Trumpet creeper .1 .3 3
Southern bayberry .1 .3 .3 .3 3 6
Wild azalea .1 .3 3
Bamboo greenbriar .1 .3 3
Violet spp. .1 .9 .3 1.0 3 18
Yankee weed 8.5 9.8 52
Panicum spp. 7.0 8.1 87
Broomsedge 3.9 4.5 72
Horseweed 3.2 3.7 44
Three-seeded mercury 2.1 2.5 44
Aster spp. ' 2.0 2.3 41
Silkweed 1.7 2.0 29
Legume spp. 1.4 1.6 23
Poor-joe 1.4 1.6 28
Lespedeza spp. 1.1 1.2 22
Sunflower spp. .9 1.1 19
Beggar tick .9 1.0 18
Paspalum spp. .7 .9 16
Candy root .7 .8 15
Flowering spurge .7 .8 15
Purple cudweed .7 .8 15
Nosebum .7 .8 15
Eupatorium serotinum .7 .8 14
Polypremum procumbens .6 .7 12
Tephrosia virglniana .5 .5 10
Yellow poplar .4 .5 9
Arrow-wood .4 .5 9
Rhyncosia reniformis .4 .5 9
Boneset .4 .5 9
Wild lettuce .4 .5 9
Red chokeberry .3 .3 6
Mountain mint .3 .3 6
Pencil flower .3 .3 6
Wild petunia .3 .3 6
Water primrose .3 .3 6
Cyperus spp. .2 .3 6
Poison sumac .2 .3 6
Poke weed .2 .3 6
Common ragweed .2 .3 6
Bracken fern .1 .1 3
Cinnamon fern .1 .1 3
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Table 30a. (Continued)
Common Name Average Cover











Ironweed .1 .1 3
Lobelia spp. .1 .1 3
Sulfur plant .1 .1 3
Switch-cane .1 .1 3
Black-eyed susan .1 .1 3
Butterfly pea .1 .1 3
Greenbriar spp. .1 .1 3
Nightshade spp. .1 .1 3
Rabbit tobacco .1 .1 3
Sensitive briar .1 .1 3
Uniola spp. .1 .1 3
Vasey grass .1 .1 3
Yellow passion flower .1 .1 3
Yellow woodsorrel .1 .1 3
Chinquapin Allegheny .1 .1 3
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Table 30b. September understory composition in seed-tree plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
 -------------   Percent --- ------------- -
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Common Name Average Cover




Before After Before After Before Aftei
Bamboo greenbriar .1 .1 .3 .1 3 3
Lanceleaf greenbriar .1 .3 3
Saw greenbriar .1 .3 3
Skullcap .1 .3 .3 .4 3 7
Sweetgum .1 .1 .3 .1 3 3
Tephrosia spp. .1 .5 .3 .6 3 11
Violet spp. .1 1.4 .3 1.5 3 29
Evergreen bayberry .1 .8 .3 .9 3 18
Yellow poplar .1 .7 .3 .8 7 15
Wild orchid .1 .3 3
Panicum spp. 13.5 14.4 88
Horseweed 2.4 2.6 41
Aster spp. 2.0 2.1 33
Broomsedge 1.8 1.9 37
Crab grass 1.7 1.8 4
Yankee weed 1.7 1.8 27
Three-seeded mercury 1.1 1.2 22
Goldenrod spp. .9 1.0 18
Legume spp. .9 1.0 18
Yellow woodsorrel .9 1.0 18
Greenbriar spp. .9 .9 18
Red chokeberry .7 .7 14
Bedstraw .5 .6 11
Candy root .5 .6 11
Climbing hemp .5 .6 4
Coreopsis major .5 .6 11
Elephant's-foot .5 .6 11
Silkweed .5 .6 11
Water primrose .5 .5 11
Carex spp. .5 .5 10
Boneset .5 .5 10
Uniola spp. .5 .5 10
White azalea .5 .5 10
Rattlebox .3 .4 7
Tephrosia virginiana .3 .4 7
Eupatorium spp. .3 .3 7
Indian pink .3 .3 7
Poor-j oe .3 .3 7
Doellingeria umbellata .3 .3 7
Lobelia spp. .3 .3 7
Sensitive fern .3 .3 7
Sweetleaf .3 .3 7
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Table 30b. (Continued)
Common Name Average Cover




Before After Before After Before After
Noseburn .3 .3 7
Arrow-wood .1 .2 4
Mist flower .1 .2 4
Gayfeather .1 .2 4
Lespedeza spp. .1 .2 4
Pencil flower .1 .2 3
Poke weed .1 .2 3
Purple cudweed .1 .2 3
Rabbit tobacco .1 ■ .2 4
Rhyncosia reniformis .1 .2 4
Flowering spurge .1 .2 4
Sunflower spp. .1 .2 4
Wild lettuce .1 .2 4
Apiacea .1 .1 3
False foxglove .1 .1 3
Japanese climbing fern .1 .1 3
Juncus spp. .1 .1 3
Poison sumac .1 .1 3
Spike-rush spp. .1 .1 3
Virginia willow .1 .1 3
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Table 30c. September understory composition in shelterwood plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation___________________
------------------ - Percent---------   -- ------ -


































































































































Common Name Average Cover Understory
Vegetation
Frequency
Before After Before After Before After
Rattan vine .1 .3 3
Tephrosia spp. .1 .3 .3 .4 3 7
Yellow poplar .1 .1 .3 .2 3 3
Redbay .1 .1 .2 .2 3 3
Sourwood .1 .2 3
Sweetbay .1 .1 .2 .2 3 3
Yellow woodsorrel .1 .2- 3
Panicum spp. 4.7 7.7 61
Horseweed 4.0 4.9 55
Broomsedge 3.0 3.6 48
Aster spp. 2.2 2.7 44
Legume spp. 2.0 2.5 41
Three-seeded mercury 1.7 2.0 34
Yankee weed 1.5 1.9 31
Sunflower spp. 1.2 1.4 24
Yellow passion flower 1.2 1.4 23
Goldenrod spp. 1.0 1.2 20
Beggar tick .8 1.0 18
Red chokeberry .6 .8 13
Tephrosia yirginiana .6 .8 13
Candy root .6 .8 13
Arrow-wood .5 .6 10
Noseburn .5 .6 10
Lobelia spp. .5 .6 10
New Jersey tea .5 .6 10
Purple cudweed .5 .6 10
Uniola spp. .5 .6 10
Wild lettuce .5 .6 10
Large gallberry .5 .6 10
Flowering spurge .3 .4 7
Evergreen bayberry .3 .4 7
Eupatorium spp. .3 .4 7
Pencil flower .3 .4 7
Cyperus spp. .1 .2 3
Mist flower .1 .2 3
Greenbriar spp. .1 .2 3
Hawthorn spp. .1 .2 3
Lespedeza spp. .1 .2 3
Lythrum spp. .1 .2 3
Lythrum lineare .1 .2 3
Mountain mint .1 .2 3




Common Name Average Cover Understory Frequency
______________________________________________ Vegetation________
- -  ----   Percent - --------- ------
Before After Before After Before After
Poison oak .1 .2 3
Polypremum procumbens .1 .2 3
Poor-joe .1 .2 3
Paspalum spp. .1 .2 3
Coreopsis major .1 .2 3
Eupatorium serotinum .1 .2 3
Indian pink .1 .2 3
Plume grass .1 .2 3
Common ragweed .1 .2 3
Rattlebox .1 .2 3
Bhyncosia reniformis .1 .2 3
Richardia spp. .1 -2 3
Sweetleaf .1 .2 3
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Table 30d. September understory composition in selection plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
__________________________________Vegetation___________________
- - - --- _ _ _ _ _  percent - - - - - - - - - -
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Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
 ---------      Percent-----------     ■
Before After Before After Before After
Parsley hawthorn 1 .4 4
Rattan vine 1 .3 .4 .5 4 7
Bamboo greenbriar 1 .3 3
Saw greenbriar 1 .3 3
Sensitive briar 1 .3 3
Evergreen bayberry 1 .3 .3- .5 33 7
Wild azalea 1 .1 .3 .2 3 3
Yellow poplar 1 .3 .3 .5 3 7
Yellow woodsorrel 1 .9 .3 1.3 33 18
Broomsedge 8.2 12.3 44
Panicum spp. 5.6 8.3 62
Legume spp. 2.6 3.9 52
Tephrosia virginiana 1.1 1.6 22
Sunflower spp. .9 1.4 19
Noseburn .9 1.3 18
Goldenrod spp. .9 1.3 18
Beggar tick .7 1.1 18
Three-seeded mercury .7 1.1 14
Wild petunia .7 1.0 14
Mist flower .5 .8 11
Sllkweed .5 .8 11
Chinquapin* Allegheny .5 .7 3
Lobelia spp. .4 .5 7
Buttercup .3 .5 7
Onosmodium virginiana .3 .5 7
Poison oak .3 .5 7
Sweetbay .3 .5 7
Sensitive fern .3 .5 7
American holly • JL .2 4
Bedstraw • X .2 4
Gayfeathem • 1 .2 4
Indian pink .2 4
Mountain mint .2 4
Nightshade spp. • -L. .2 4
Thistle spp. * *L .2 4
Waxweed • X .2 4
Yellow passion flower • X .2 4
Candy root ■ JL .2 3
Cinnamon fern • X .2 3
Horseweed • X .2 3
Lespedeza spp. * X .2 3




Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
 ----------     Percent - - -- ----
Before After Before After Before After
Plume grass .1 .2 3
Poison sumac .1 .2 3
Sweetleaf .1 .2 3
Switch-cane .1 .2 3
Uniola spp. .1 .2 3
Virginia willow .1 .2 3
Witch-hazel .1 .2 3
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Table 31a. December understory composition in clearcut plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation___________________
 ------     Percent - -     - •


























































































































Table 31b. December understory composition in seed-tree plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
______________________________________________ Vegetation_________________
Percent -•
Before After Before After Before After
Grass (Unidentified) 3.1 1.8 15.5 7.2 62 36
Common gallberry 2.6 13.4 7
Pine 2.5 .1 12.6 .7 50 3
Cat greenbriar 2.0 .3 10.4 1.4 41 7
Sweetleaf 1.8 .1 9.4 .7 14 3
Partridge berry 1.6 1.4 8.1 5.7 29 29
Yaupon 1.3 1.0 6.5 4.3 18 22
Yellow jessamine 1.2 1.1 6.4 4.4 25 22
Blackberry 1.1 2.7 5.5 11.0 22 55
Flowering dogwood 1.0 .7 5.3 3.0 21 10
Redbay 1.0 .1 5.3 .7 21 3
Dwarf greenbriar .9 4.7 19
Sparkleberry, Tree .9 .4 18
Huckleberry spp. .7 .9 .3 3.8 14 19
Switch-cane .7 3.5 7
American holly .3 1.9 7
Common greenbriar .3 1.8 4
Unknown vegetation .3 2.2 1.8 8.8 7 44
Southern bayberry .3 .7 1.8 2.8 7 14
Sweetbay .3 .9 1.7 3.6 7 18
Oak spp. .1 .9 .9 3.6 4 18
Black cherry .1 .3 .9 1.4 3 7
Large gallberry .1 .3 .9 1.4 3 7
Bamboo greenbriar .1 .1 .9 .7 3 3
Lanceleaf greenbriar .1 .9 3
Evergreen bayberry .1 .8 .9 3.5 3 10
Panicum spp. 2.0 8.2 41
Red maple 1.8 7.3 36
Poison oak .5 2.3 11
Black tupelo .5 2.1 10
Spurge spp. .3 1.5 7
Arrow-wood .1 • / ' 4
Mountain mint .1 • / 4
Sassafras .1 * / 4
Shining sumac .1 • / 4
Candleberry .1 3
Goldenrod spp. .1 3
Greenbriar spp. .1 • / 3
Poison ivy .1 * / 3
Sensitive fern .1 • I 3
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Table 31b. (Continued)
Common Name Average Cover




Before After Before After Before After
Violet spp. .1 .7 3
Ifhite azalea .1 .7 3
Wild grape .1 .7 3
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Table 31c. December understory composition in shelterwood plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation_________________
- - - - - - - - -  Percent - - - - - - - - - - -




























































































































Common Hame Average Cover Understory Frequency
______________________________________________ Vegetation_________________
- - - - - - - - - -  Percent - - - - - - -  --- - -
Before After Before After Before After
Lespedeza spp. .1 .6 3
Pencil flower .1 .6 3
Sassafras .1 .6 3
227
Table 31d. December understory composition in selection plots on Lee
Memorial Forest before and after logging
Percent of Total
Common Name Average Cover Understory Frequency
_____________________________________________ Vegetation___________________
- - - - - - - - - -  Percent - - - - - - - - - - -

































































































































Common Name Average Cover











Pin-weed .1 .5 3
Poison ivy .1 .5 3
Possum haw .1 .5 3
Southern grape fern .1 .5 3
Witch-hazel .1 .5 3
Yellow poplar .1 .5 3
APPENDIX G
Model Used In Statistical Analyses of Soil Slope Erosion Data for Plots
on Idlewild Experiment Station and Lee Memorial Forest.
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Table 31. Model used in statistical analyses of soil slope erosion data 
far plots on Idlewild Experiment Station and Lee Memorial
Forest
Source"** DF
Trt 3 a 2  + o 2 s
Rep/Trt 4 a2 + a2s
Slp/Rep/Trt 40 o 2  + cr2s
Pos 2 a 2  + cr2p




Rep/Trt = Replications within treatments;
Slp/Rep/Trt = Slopes within replications within treatments; 
Pos *» Positions;
Pos x Trt = Position by treatment interaction.
APPENDIX H
Changes in Soil Elevation for Treatment Plots on Idlewild Experiment
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Figure 6. Changes in soil elevation for treatment plots on Lee Memorial Forest,
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